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PREFACE 


The  work  described  in  this  report  was  performed  by  the  Parts  Application 
Engineering  section  of  the  McDonnell  Douglas  Astronautics  Company-East  (MDAC-EAST) 
Engineering  Reliability  Department  during  the  period  between  June  1974  and 
April  1977.  The  work  was  initiated  for  the  U. S.  Army  Missile  Command  (MICOM) 
under  Contract  Number  DAAH01-74-C-0928.  Subsequent  reorganization  at  MICOM 
resulted  in  a name  change  to  U.S.  Army  Missile  Research  and  Development  Command 
(MIRADCOM).  Messrs.  Maury  Bahan  and  Les  Conger  of  MIRADCOM's  Product  Assurance 
Directorate  provided  contract  coordination  and  technical  direction  and  were 
instrumental  in  solving  many  of  the  problems  associated  with  a program  of  this 
scope.  To  them  a special  thanks  is  extended.  The  MDAC-EAST  Program  Manager 
was  Jim  McGarry  with  full  time  assistance  from  Mr.  Van  Weissflug,  who  deserves 
special  recognition  as  the  man  most  responsible  for  making  everything  happen. 

In  addition  to  the  many  MDAC-EAST  personnel  who  contributed  to  the  program, 
particular  thanks  is  extended  to  Mr.  Ed  Sisul  for  his  analysis  of  failed  parts, 

Mr.  Bob  Watson  for  his  assistance  in  electrical  testing,  Mr.  Larry  Conaway  for 
his  laboratory  assistance,  Mr.  Bruce  Kirk  for  his  assistance  in  data  analysis, 
and  finally  to  Messrs.  Mort  Stitch,  Ron  Mackin,  and  Gordon  Johnson  for  their 
many  contributions  to  the  overall  program. 
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1.0  INTRODUCTION 

Material  in  the  Army  inventory,  particularly  missile  systems,  must  withstand  long 
periods  of  storage  and  "launch  ready"  non-acti vated  dormancy.  Within  the  Department 
of  Defense,  the  U.S.  Army  Missile  Research  and  Development  (MIRADCOM)  (formerly 
MICOM),  Redstone  Arsenal,  Alabama,  has  lead  responsibility  for  developing  the  data 
bank  and  supporting  methodology  required  to  design,  manufacture,  and  package  hardware 
for  this  non-operating  environment.  One  facet  of  this  comprehensive  program  is  to 
conduct  accelerated  life  tests  on  selected  SAM-D  (now  "Patriot")  missile  parts  to 
provide  a "before  the  fact"  indication  of  storage  reliability  potential.  In  June 
1974,  MICOM  contracted  with  McDonnell  Douglas  Astronautics  Company-East  (MDAC-EAST) 
to  conduct  accelerated  life  tests  on  twenty-one  part  types,  including  both  "active" 
parts  (integrated  circuits,  transistors,  and  diodes;  and  passive  parts  (resistors, 
capacitors,  and  inductors).  The  objectives  of  the  program  are  as  follows: 

o To  generate  and  execute  designed  experiment  test  plans  for  accelerating 
the  failure  mechanisms  and  inducing  failures  relating  to  non-operating 
and  storage  conditions  for  selected  items  of  microelectronic  and  semi- 
conductor hardware. 

o To  analyze  the  data  obtained  from  accelerated  testing  of  the  selected 
items,  using  such  techniques  (but  not  limited  to)  as  the  Arrhenius  model 
and  regression  analysis  to  generate  meaningful  predictions  of  failure 
rates  (MTBF)  for  the  devices  under  actual  storage  conditions, 
o To  determine  by  use  of  Analysis  of  Variance  Techniques  (or  other  suitable 
techniques)  the  relative  effects  of  quantitative  and  qualitative  variables 
on  the  reliability  of  the  tested  material  when  subjected  to  long  non- 
operating periods. 

* 

MDAC-EAST  has  drawn  upon  its  past  experience  in  conducting  High  Temperature 
Operating  Tests  (HTOT)  to  design  an  accelerated  life  test  program  meeting  MICOM' s 
objectives.  The  traditional  approach  to  storage  reliability  evaluations,  long 
term  non-operating  high  temperature  tests,  has  been  selectively  supplemented  with 
voltage  tests  to  provide  an  added  accelerator  for  the  generation  of  storage  related 
failure  mechanisms.  The  rationale  and  results  of  this  technical  approach  are 
presented  in  this  report. 
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2.0  TEST  CRITERIA 

Previous  storage  reliability  evaluations  have  included  "real  time"  investigations 
in  an  actual  storage  environment,  and  non-operating  accelerated  tests  with  temper- 
ature as  the  accelerating  stress.  A "real  time"  storage  program  under  actual 
storage  conditions  offers  the  ultimate  in  providing  applicable  data.  Unfortunately, 
it  is  an  "after  the  fact"  type  program  and  the  data  obtained  is  a measure  of  how 
a system  or  equipment  is  currently  performing  with  little  or  no  capability  to 
project  its  continuing  performance.  At  the  completion  of  such  a program,  the 
data  obtained  is  applicable  to  parts  which  may  be  obsolete  for  new  design,  a 
situation  especially  applicable  to  the  constantly  changing  semiconductor  industry. 

An  alternative  is  to  devise  accelerated  tests  that  not  only  identify  storage 
capability  in  a reasonable  time  period  but  also  provide  the  information  during 
the  equipment  design  phase,  where  the  data  can  be  most  advantageously  utilized. 
Unfortunately,  temperature  alone  is  not  always  an  adequate  accelerator  for  elec- 
tronic parts,  especially  microcircuits.  The  combined  use  of  an  applied  bias  and 
high  temperature  has  been  observed [1]  to  induce  failures  where  temperature  only  has 
not  been  effective.  In  addition,  the  number  of  failures  induced  appeared  to  be 
sensitive  to  the  magnitude  of  the  applied  voltage,  suggesting  an  Eyring  relationship. 
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Reference  [2]  reports  the  results  of  a NASA  sponsored  study  investigating  the 
applicability  of  an  Eyring  reaction  rate  model  [3],  which  includes  both  temperature 
and  a non-thermal  stress  factor,  to  describe  microcircuit  aging  characteristics. 

The  Eyring  reaction  rate  model,  which  would  allow  the  calculation  of  a median 
lifetime  as  the  applied  voltage  (the  non-thermal  stress  factor)  approached  zero 
(a  storage  condition),  can  be  expressed  as: 

t50%  = kT  exp{FT  + 


where: 

t 


50% 


device  median  1 ife 


G,  C,  and  D are  positive  constants 


-TA 


activation  energy  In  electron  volts 


f ( V ) = some  function  of  bias  voltage 
k = Boltzman's  constant  = 8.617  x 10*8  eV/K 
h = Planck’s  constant  = 1.149  x 10"18  eV  hr 
T = absolute  junction  temperature  (K) 
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Although  the  data  [2]  was  insufficient  for  a rigorous  evaluation  of  an  Eyring 
model,  the  results  did  suggest  the  model's  appl icabil ity.  Therefore  in  this 
storage  reliability  test  program,  an  applied  voltage  was  utilized  as  an  added 
accelerator  when  temperature  alone  was  considered  inadequate.  Details  of  the 
individual  life  test  configurations  are  provided  in  the  Appendices. 


Seven  integrated  circuits  were  included  in  the  accelerated  life  test  program.  All 
were  subjected  to  combinations  of  voltage  (including  zero  volts)  and  temperature 
during  the  life  tests.  Without  the  presence  of  voltage  as  an  added  accelerating 
stress,  none  of  the  seven  integrated  circuits  would  have  produced  sufficient 
failures  for  analysis.  Even  with  the  added  voltage  stress,  four  integrated  cir- 
cuits still  produced  too  few  failures  for  analysis  purposes. 

The  applicability  of  voltage/temperature  induced  failure  mechanisms  are  assessed 
in  each  individual  case  in  the  Appendices.  Regardless  of  the  applicability  or 
non-applicability  of  the  failure  mechanism  to  a storage  environment,  the 
occurrence  of  voltage  induced  failures  allows  the  calculation  of  a "no  worse  than" 
failure  rate  for  a storage  environment.  This  is  a preferred  alternative  to  a 
non-operating  accelerated  life  test  which  may  produce  too  few  failures  for 
analysis. 
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3.0  PROGRAM  DESCRIPTION 

Twenty-one  parts.  Figure  3-1,  used  or  planned  for  use  in  the  SAM-D  missile,  were 
provided  as  Government  Furnished  Equipment,  GFE , for  the  test  program.  Included 
were  integrated  circuits,  transistors,  diodes,  resistors,  capacitors,  inductors, 
and  a ceramic  substrate.  The  test  parts  were  actually  procured  by  the  Raytheon 
Missile  Systems  Division  under  a separate  MICOM  contract,  screened  and  precondi- 
tioned to  existing  preliminary  SAM-D  drawings,  and  delivered  to  MDAC-EAST  as  GFE. 
Since  most  of  the  parts  were  applicable  to  hybrid  applications,  some  part  recon- 
figuration was  necessary  to  provide  a device  suitable  for  use  in  a high  temperature 
life  test.  Two  hundred  pieces  of  each  part  type  were  provided  for  the  test  program. 
In  addition  ten  pieces  of  eich  part  type  were  submitted  configured  to  the  actual 
SAM-D  use  condition.  These  SAM-D  configured  parts  provided  a basis  for  distin- 
guishing between  applicable  and  non-appl icabl e failure  modes/mechanisms. 

The  test  program,  conducted  according  to  the  comprehensive  phases  identified 
in  Figure  3-2,  is  discussed  in  detail  in  the  following  paragraphs. 

3.1  Test  Preparation 

The  100%  visual  examination  of  the  test  parts  revealed  several  anomalous  conditions 
described  in  detail  in  the  Appendices.  However,  these  anomalies  had  no  detectable 
influence  on  program  results. 

Electrical  test  criteria,  developed  utilizing  the  preliminary  SAM-D  drawings, 
included,  but  were  not  limited  to,  all  DC  tests  specified  for  100%  inspection. 

In  some  cases,  functional  anu  AC  tests  supplemented  the  DC  tests.  Electrical 
tests  were  conducted  upon  receipt  of  part  (initial  tests),  at  selected  times 
during  the  test  program  (.interim  tests)  and  after  test  completion  (final  tests). 

The  initial  electrical  parameter  characterization  served  as  a zero  time  baseline 
data  set.  Initial  and  final  electrical  tests  were  typically  conducted  at  the 
test  devices'  rated  temperature  unless  other  constraints  were  imposed  by  the  part 
test  configuration.  The  interim  electrical  tests  were  performed  at  room  ambient 
temperature,  typically  25°C  at  specified  intervals  during  the  test  program.  A 
failure  occurred  when  a measured  parameter  exceeded  its  specified  limits. 

A control  sample,  typically  5 parts,  was  established  for  each  part  type  in  the  test 
program.  These  control  samples,  stored  at  laboratory  ambient  conditions,  and  tested 
prior  to  performing  the  periodic  interim  electrical  tests  on  life  test  parts, 
provided  a reference  for  data  integrity. 


MCOOWWfl.(.  DOUGLAS  ASTBOMAIJTICS  COI** P/MVV  - EAST 


STORAGE  RELIABILITY 

OF  MISSILE  MATERIEL 


REPORT  MDC  E 160 1 

29  APRIL  1977 


CONTRACT  ITEM 

SCD 

SCD 

REVISION 

NUMBER 

ITEM 

TYPE 

NUMBER 

LETTER, AND  DATE, 

1 

QUAD,  2- INPUT  NAND 

5400 

772921 

BASIC 

7 JUN  74  ^ 

GATE  TTL/SSI 

2 

MULTIPLEXER 

9309 FM 

M38510/ 

A 

5 APR  73 

TTL/MSI 

01404 

4 

NAND  BUFFER 

5438 

M38510/ 

B 

23  DEC  71 

TTL/SSI 

00303 

10  JUN  74  ^ 

5 

RANDOM  ACCESS 

93410 

773050 

BASIC 

MEMORY,  256 

BIT  TTL/LSI 

6 

60  GATE  RAYPACK 

785072 

A 

25  JUN  73 

CHIP 

7 JUN  74  2^ 

7 

OPERATIONAL 

LM101A 

772926 

BASIC 

AMPLIFIER 

11  NOV  74  2^ 

A 

8 

VOLTAGE  REGULATOR 

LM104H 

773051 

BASIC 

10 

NPN  LOW  POWER 

2N3960 

772928 

BASIC 

6 JUN  74  2-!A 

SWITCH 

11  SEP  75  ^ 

12 

PNP  LOW  POWER 

2N4260 

772929 

BASIC 

AMPLIFIER 

10  JUN  74  ^ 

13 

NPN  LOW  POWER 

2N5652 

773052 

BASIC 

AMPLIFIER 

10  JUN  74  2^X 

A 

15 

N CHANNEL  FET 

2N4857 

772931 

BASIC 

16 

GEN.  PURPOSE  SWITCH 

1N914 

772932 

BASIC 

7 JUN  74  ^ 

A 

18 

HIGH  CURRENT  SWITCH 

IN4942 

773053 

BASIC 

7 JUN  74  ^ 

A 

19 

PORCELAIN  CHIP 

773054 

BASIC 

10  JUN  74  ^ 

CAPACITOR 

10  JUN  74  ^ 

20 

CERAMIC  CHIP 

— 

773055 

BASIC 

CAPACITOR 

7 JUN  74  2^ 

21 

TANTALUM  CHIP 

— 

773056 

BASIC 

CAPACITOR 

10  JUN  74  2^X 

22 

CERAMIC  AXIAL  LEAD 

773057 

BASIC 

CAPACITOR 

10  JUN  74  ^ 

23 

CHIP-HIGH  SELF- 

773058 

BASIC 

RESONANT  FREQ. 

INDUCTOR 

7 JUN  74  2^ 

24 

FERRITE  BEAD 

— 

773059 

BASIC 

INDUCTOR 

10  JUN  74  2^ 

25 

CERAMIC  CHIP 

773060 

BASIC 

RESISTOR 

6 MAY  74  2^X 

26 

SPECIAL  HYBRID 

773207 

BASIC 

TECHNOLOGY 

SUBSTRATE 

A 

DRAWN  DATE;  ADVANCE 

DRAWINS-NOT 

OFFICIALLY 

SIGNED 

OFF 

FIGURE  3-1  TEST  PROGRAM  PARTS 
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A TEST  PREPARATION  o PHASE  TEST  PLANS 

o SOFTWARE  PREPARATION 
FOR  ELECTRICAL  TESTS 

o ELECTRICAL  PARAMETER 
CHARACTERIZATION 
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B 


PHYSICAL  EVALUA-  o CONSTRUCTION 

TION  ANALYSIS 

o SAM-0  CONFIGURED 
DEVICES 

o TEST  CONFIGURED 
DEVICES 

o TEST  CIRCUIT  DESIGN 
o HIGH  TEMPERATURE 
EVALUATION 

o THERMAL  CHARACTER- 
IZATION 


TEST  CONFIGURATION 
EVALUATION 


o STEP  STRESS  TESTS 

o FINAL  TEST  CIRCUIT/ 
TEST  CONDITION 
SELECTION 

D ACCELERATED  LIFE  o ACCELERATED  LIFE  TESTS 

TESTS 

o WITH  BIAS 
o WITHOUT  BIAS 

o FAILURE  ANALYSIS- 
ALL  FAILURES 


E DATA  CORRELATION  o DATA  EVALUATION 

o FAILURE  MODE  AND 
MECHANICAL  EVALUA- 
TION 

o DATA  CORRELATION  BETWEEN 

I TEST  AND  SAM-D  PACKAGES 

1 o FAILURE  RATE  AND  MEDIAN 

B LIFE 


FIGURE  3-2  TEST  PROGRAM  DESCRIPTION 
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Six  of  the  test  parts  were  received  in  chip  form,  i.e.,  without  leads  attached 
for  test  purposes.  Figure  3-3  identifies  these  parts  and  summarizes  their  reaction 
to  lead  attach.  The  results  were  satisfactory  in  all  but  two  cases: 

3. 2 Physical  Evaluation 

Samples  of  each  part  type  submitted  to  the  test  program  were  subjected  to  a 
construction  analysis  to  (a)  positively  identify  the  test  devices'  physical 
configuration,  (b)  identify  any  physical  limitations  or  features  which  might 
influence  the  selection  of  temperature  limits  and  (c)  provide  a baseline  for 
failure  analysis  activities.  Construction  details  are  summarized  in  Figures  3-4 
and  3-5  for  semiconductors  and  passive  parts  respectively. 

The  life  test  parts  were  for  the  most  part  configured  differently  from  their 
intended  SAM-D  use.  Samples  of  the  SAM-D  use  configurations  were  analyzed  to 
establish  which  test  accelerated  failure  mechanisms  would  be  applicable  and  which 
would  be  discounted.  For  example,  failures  associated  with  the  MDAC-EAST  installed 
leads  on  the  chip  devices  are  not  counted  as  applicable  failures.  Similarly, 
package  related  failures  for  beam  lead  semiconductors  were  carefully  scrutinized 
for  app 1 icabil ity. 


The  physical  evaluation  of  the  test  devices  was  successful  in  revealing  temperature 
limiting  feati  but  did  not  identify  any  characteristics  or  limitations  which 
would  impede  program  completion. 


3.3  Test  Configuration 

Candidate  life  test  circuits  were  selected  and  current/temperature  relationships 
established  using  the  Figure  3-6  test  sequence.  Candidate  semiconductor  bias 
circuits  were  evaluated  at  elevated  ambient  temperatures  (up  to  275°C  for  some 
devices)  to  find  a bias  circuit  that: 

(a)  Maintained  maximum  rated  voltage  at  the  device  terminals  over  the 

temperature  range  to  provide  a consistent  voltage  acceleration  factor. 
> (b)  Maintained  the  device  current  at  a controlled  low  level  to  minimize 

failures  due  to  thermal  runaway  and  electromigration,  and 
(c)  Maintained  a consistent  set  of  internal  microcircuit  stress  conditions 
over  the  temperature  range  (a  change  in  device  state  would  indicate  a 
significant  change  in  internal  stress  conditions). 
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CONTRACT 

ITEM 

NO. 

PART  PART 

NO.  DESCRIPTION 

DELIVERED 

CONFIGURATION 

TEST 

CONFIGURATION 

EFFECT  OF 

LEAD  LEAD  ATTACH  ON 

INTEGRITY  INDUCED  FAILURES 

18 

773053  DIODE  HIGH 
CURRENT 

CHIP 

LEADS  ATTACHED  USING 
HIGH  TEMPERATURE 
SOLDER 

SATISFACTORY 
LEAD  DEGRA- 
DATION OCCURR- 
ED LATE  IN  TEST 

NONE 

1<> 

773054  CHIP  CAPACITOR 

CHIP 

LEADS  ATTACHED  USING 
HIGH  TEMPERATURE 
SOLDER 

UNSATISFACTORY- 
ALL  LEADS  FELL 
OFF  BEFORE 
1000  HOURS  OF 
LIFE  TESTS  DUE 
TO  SOLDER  DE- 
GRADATION 

NONE 

20 

773055  CERAMIC  CHIP 
CAPACITOR 

CHIP 

LEADS  ATTACHED  USING 
HIGH  TEMPERATURE 
SOLDER 

UNSATISFACTORY- 
ALL  LEADS  FELL 
OFF  BEFORE  1000 
HOURS  OF  LIFE 
TESTS  DUE  TO 
SOLDER  DEGRA- 
DATION. 

NONE 

21 

773056  TANTALUM  CHIP 
CAPACITOR 

CHIP 

LEADS  ATTACHED  USING 
HIGH  TEMPERATURE 

SATISFACTORY-LESS 
THAN  5%  OF  LEADS 

NONE 

SOLDER  LOST  DURING  TEST 

PROGRAM 

23  773058  INDUCTOR  CHIP  CHIP  LEADS  ATTACHED  USING  SATISFACTORY-LESS  NONE 

HIGH  TEMPERATURE  THAN  5%  OF  LEADS 

SOLDER  LOST  DURING  TEST 

PROGRAM 

24  773059  FERRITE  BEAD  CHIP  LEADS  ATTACHED  USING  SATISFACTORY-LESS  NONE 

CHIP  HIGH  TEMPERATURE  THAN  5%  OF  LEADS 

SOLDER  LOST  DURING  TEST 

PROGRAM 


FIGURE  3-3  PARTS  REQUIRING  RECONFIGURATION 
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FIGURE  3-5  CONSTRUCTION  SUMMARY  - PASSIVE  PARTS 
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FIGURE  3-6  HIGH  TEMPERATURE  BIAS  CIRCUIT  AND  TEMPERATURE 
SELECTION  SEQUENCE 
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When  a bias  circuit  satisfied  the  above  objectives,  a thermal  characterization 
was  performed  with  the  device  operated  in  the  selected  bias  circuit.  Electrical 
techniques  were  then  used  to  establish  the  maximum  internal  temperature.  Step 
stress  testing  was  then  accomplished  to  verify  the  suitability  of  the  bias  circuit 
and  to  aid  in  the  selection  of  accelerated  life  test  temperatures. 

The  passive  parts,  all  two  terminal  devices  except  for  the  Special  Hybrid 
Substrate,  P/N  773207,  were  straightforward  as  far  as  bias  circuit  evaluations  were 
concerned.  Each  passive  part  was  evaluated  under  rated  voltage  conditions  and 
temperature  response  established.  The  diodes  and  transistors  also  were  straight- 
forward and  required  only  a few  bias  circuit  configurations  for  evaluation.  The 
microcircuits,  being  the  most  complex  devices,  required  extensive  bias  circuit 
evaluation.  The  microcircuit  candidate  bias  circuits  evolved  from  a study  of  the 
device  schematic  and  previous  experience  with  similar  parts. 


Concurrent  with  the  candidate  bias  circuit  high  temperature  investigation,  a part 
thermal  evaluation  was  accomplished  to  determine  the  device  internal  temperature 
over  the  ambient  temperature  range  of  interest.  Only  those  devices  dissipating 
power  were  included  in  this  activity,  thus  excluding  all  the  capacitors. 

Resistors  were  evaluated  using  the  change  in  resistance  as  a function  of  material 
temperatures.  Semiconductor  devices  were  investigated  using  an  input  diode  as 
a temperature  sensitive  parameter  to  determine  maximum  junction  temperatures  using 
a technique  similar  to  MIL-STD-883,  Method  1012,  Condition  C.  The  transistors 
and  diodes  drew  insufficient  current  at  the  tesf  temperatures  to  account  for  any 
appreciable  internal  temperature  rise. 


After  establishing  the  device  internal  temperature  rise  in  the  candidate  bias 
circuit,  a step  stress  test  was  accomplished  to:  (1)  validate  the  non-destructive 

nature  of  the  selected  high  temperature  bias  circuit,  and  (2)  obtain  sufficient 
failure  data  on  a reasonable  quantity  of  parts  to  make  a final  determination  of 
the  accelerated  test  conditions.  Temperature  step  stress  tests  were  typically 
accomplished  using  20  parts  in  the  candidate  bias  circuit  configuration.  The 
starting  temperature  was  determined  by  the  part  material  limitations  and  analysis 
of  the  preliminary  thermal  evaluations.  Each  step  duration  was  usually  16  nour*  with 
the  ambient  temperature  increased  in  25°C  increments.  Tests  were  typically  con- 
tinued until  the  ambient  temperature  reached  275°C  or  50%  failure  occurred,  which- 
ever came  first.  Failure  analysis  was  accomplished  to  determine  cause  of  failure. 
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3.4  Accelerated  Life  Tests 

Circuit  evaluations,  thermal  stiuies  and  the  temperature  step  stress  results  were 
used  collectively  to  establish  the  bias  circuit  configuration  and  the  maximum 
ambient  temperature  for  the  accelerated  life  tests.  For  three  parts  (P/Ns  772928, 
773053,  773060)  this  assessment  resulted  in  the  decision  to  conduct  life  tests 
without  an  applied  bias.  Figure  3-7  defines  the  typical  test  matrix  for  both  the 
active  (semiconductor  devices)  and  the  passive  parts.  The  standard  test  configur- 
ation consisted  of  5 test  cells,  30  parts  in  each  cell;  the  maximum  bias  voltage 
was  applied  at  3 test  temperatures,  providing  data  suitable  for  evaluation  by  an 
Arrhenius  Reaction  Rate  Model.  Two  other  cells,  one  without  an  applied  voltage, 
and  one  with  a reduced  voltage,  were  tested  at  the  maximum  temperature  to  obtain 
voltage  sensitivity  data.  In  order  to  provide  additional  voltage  effect  data  for 
an  Eyring  reaction  rate  evaluation,  four  of  the  semiconductors  (P/Ns  M3851 0/01 404 , 
M38510/10304,  772926,  and  773052)  were  subjected  to  a special  test  matrix  which 
provided  four  test  cells  at  maximum  ambient  temperature,  each  cell  having  a 
different  voltage  level,  including  zero;  the  fifth  test  cell  operated  at  maximum 
bias  conditions  at  a lower  temperature. 

The  selected  life  test  ambient  temperatures  were  separated  by  a minimum  of  25°C. 

The  test  duration  was  4000  hours  for  active  devices  and  6000  hours  for  a passive 
parts;  however,  a test  cell  could  be  terminated  as  soon  as  50%  failure  occurred 
for  the  active  parts  or  63%  for  passive  parts. 

Interim  electrical  measurements  were  performed  typically  at  4,  8,  16,  32,  64,  128, 
256,  512,  1000,  2500,  4000,  and  6000  (passive  parts  only)  hours.  The  initial 
electrical  tests  were  accomplished  at  zero  hours  and  the  final  electrical  tests 
were  accomplished  at  4000  hours  for  active  parts  or  6000  hours  for  passive  parts. 
Flexibility  was  maintained  throughout  the  test  program  to  incorporate  additional 
tests  as  the  need  arose.  For  example,  the  2N5652  transistor,  P/N  773052,  eventually 
included  additional  measurements  at  0.5,  1.0,  and  2.0  hours  and  the  two  inductors, 
P/N  770358-39  and  P/N  770359,  incorporated  tests  at  500  hour  intervals  after 
1000  hours  of  test.  In  addition,  test  cells  were  selectively  added  to  three  part 
types  when  data  analysis  indicated  the  added  cells  could  provide  useful  information. 

All  failures  in  the  test  program  were  analyzed  to  establish  the  cause  of 
failure  and  the  likely  failure  mechanism. 
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. ACTIVE  PARTS 


S = STANDARD  TEST 
E = SPECIAL  EYRING  TEST 


PASSIVE  PARTS 
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FIGURE  3'7  TEST  MATRIX 
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3. 5 Failure  Analysis  Procedure 

All  semiconductors  that  failed  an  electrical  test  during  Step  Stress  or  Life  Tests 
were  analyzed  to  determine  the  particular  failure  mode,  failure  mechanism,  and 
probable  cause  of  failure.  The  general  analysis  procedure  was  as  follows: 

1)  All  failures  were  retested  separately  on  the  automatic  test  set  to  verify 
the  failure. 

2)  All  failed  parameters  were  confirmed  using  a curve  tracer,  or  if  necessary, 
a bench  test  set. 

3)  The  failure  was  isolated  to  a specific  junction  or  element  to  the  extent 
possible  via  external  pin-pin  curve  tracer  measurements. 

4)  The  failures  were  classified  into  subgroups,  on  the  basis  of  the  analysis 
findings  to  this  point. 

5)  A representati ve  sample  of  parts  from  each  subgroup  was  subjected  to 
detailed  analysis  including  external  optical  examination,  delidding, 
internal  optical  and  SEM  examination,  die  level  probing,  and  chemical 

or  metallurgical  dissectioning.  Die  level  probing  of  defective  junctions 
or  components  included  stripe  severing,  followed  by  complete  metallization 
removal  to  isolate  the  degradation  to  the  exact  responsible  active, 
parasitic,  or  spurious  element.  (For  surface  instability  related  failures, 
this  was  done  only  if  external  pin-pin  curve  tracer  tests  had  indicated 
which  component  was  degraded.  Otherwise  the  part  was  delidded  and 
examined  only). 

6)  A representative  sample  of  the  remaining  parts  from  each  subgroup  were 
subjected  to  the  following  steps  to  confirm  their  categorization  and  to 
obtain  any  additional  information: 

a)  Unpowered  Bake  - Each  device  was  baked,  then  25°C  DC  electrical 
data  was  obtained.  The  exact  time  and  temperature  of  the  bake 
depended  on  the  time  and  temperature  at  which  the  failure  occurred. 
Usually,  an  overnight  bake  (16  hours)  at  the  test  cell  temperature 
sufficed.  In  most  instances,  no  attempt  was  made  to  obtain  any 
quantitative  information  from  these  bakes  other  than  whether  or  not 
the  device  cured  or  improved  sufficiently  to  establish  that  a 
surface-related  mechanism  existed. 

b)  Leak  Tests  - Each  device  was  subjected  to  a helium  bomb  fine  leak 
test  and  a fluorocarbon  gross  leak  test.  Unless  stated  otherwise 
in  the  report,  the  devices  did  not  exhibit  any  loss  of  hermiticity. 
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c)  Delidding  - Each  device  was  delidded  and  subjected  to  routine 
optical  examinations  and  documentation. 

This  same  general  approach  was  used  in  analyzing  the  passive  components.  Only  the 
specific  techniques  would  vary. 

The  results  of  the  detailed  failure  analyses  of  the  test  program  failures  are 
summarized  in  the  Appendices.  The  failure  summary  tables  contain  a delineation 
of  the  failure  symptoms,  mode,  mechanism,  and  cause  for  each  failure  subgroup. 

3.6  Data  Correlation 

The  evaluation  of  the  accelerated  test  data  generally  followed  published  techniques 
[4][5][6].  Part  failure  analysis  resulted  in  the  grouping  of  failures  by  failure 
mechanism  for  data  analysis.  The  times  to  failure  for  applicable  failures  were 
established  and  cumulative  failure  distributions  fitted  to  the  test  data.  Due  to 
a substantial  test  history  [1][4][5][6]  the  lognormal  failure  distribution  [7]  was 
assumed  to  be  applicable  for  semiconductor  surface  related  failure  mechanisms. 

Using  data  obtained  at  different  test  temperatures,  the  Arrhenius  and/or  Eyring 
models  were  evaluated;  the  selected  model  allowed  data  extrapolation  to  storage 
temperatures  of  interest.  The  maximum  instantaneous  failure  rate  for  a 20  year 
storage  period  was  calculated  for  a storage  temperature  range  of  25°C  to  100°C  and 
appears  in  the  text  as  X(t)^«x-  The  failure  rate  equation  is  presented  to  allow 
calculation  for  other  times  and  temperatures. 

When  the  accelerated  tests  yielded  insufficient  failures  for  statistical  distri- 
bution analysis,  parametric  test  data  was  evaluated  for  obvious  trends  so  that 
times  to  failure  could  be  extrapolated  and  a distribution  defined.  When  no  obvious 
parameter  trends  existed,  failure  rates  were  still  estimated  by  assuming  certain 
characteristics  for  the  failure  distribution  and  the  Arrhenius  relationship,  thus 
allowing  the  calculation  of  a conservative  failure  rate  for  the  storage  condition. 

The  following  paragraphs  describe  in  more  detail  the  methodology  used  for  data 
analysis  (determination  of  failure  distribution)  and  data  synthesis  (failure  rate 
estimation) . 
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3.6.1  Data  Analysis 

3. 6. 1.1  Failure  Time  Interpolation  - All  test  cells  were  subjected  to  electrical 
measurements  at  specified  time  intervals.  Failures  were  detectable  only  at  these 
discrete  measurement  times.  When  failures  were  catastrophic,  the  time  at  failure 
was  taken  to  be  the  midpoint  of  the  measurement  time  interval. 

tr  = t,  + l2  ' + t2  (1) 

^ 1 2 2 

tp  = failure  time 

t-j  = last  measurement  before  failure 
t^  = time  at  which  a catastrophic  failure  was  detected 

This  approach  is  used  by  others  when  evaluating  catastrophic  failures  encountered 
in  life  tests  [8].  Catastrophic  failures  were  primarily  encountered  in  the 
passive  parts. 

The  semiconductor  device  failures  primarily  exhibited  parameter  value  changes  with 
respect  to  time.  At  each  measurement  time  the  values  of  all  test  parameters  were 
recorded.  After  a device  had  failed,  the  failed  parameter  value  and  previous  non- 
failed  values  of  the  parameter  were  obtained  from  the  test  records.  The  failed  and 
the  two  previous  non-failed  values  of  the  parameter,  with  the  corresponding 
measurement  times,  were  used  either  to  generate  an  empirical  equation  that  related 
time  to  the  parameter  value,  or  were  graphically  evaluated.  Solving  the  empirical 
equation,  using  the  parameter  failure  limit,  provides  an  interpolated  estimate  of 
the  actual  failure  time  of  the  device.  A graphical  solution  for  the  interpolated 
estimate  of  failure  time  is  illustrated  in  Figure  3-8.  When  a failed  device 
exhibited  more  than  one  failed  parameter,  each  failed  parameter  was  interpolated 
and  the  earliest  estimated  failure  time  was  used  for  the  device.  Using  this 
interpolation  procedure  to  estimate  the  failure  time  for  each  failed  device 
allowed  the  number  of  data  points  to  reflect  the  number  of  device  failures. 
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FIGURE  3-8  FAILURE  TIME  INTERPOLATION 


MCDONNELL  DOUGLAS  ASTRONAUTICS  COMPANY  - CAST 


STORAGE  RELIABILITY 

OF  MISSILE  MATERIEL 


REPORT  MDC  EIAOI 
29  APRIL  1977 


3. 6. 1.2  Failure  Time  Extrapolation  - Some  of  the  test  parts  yielded  few  failures 
during  the  accelerated  life  test  program.  When  this  occurred,  the  parametric  test 
data  was  evaluated  for  obvious  trends  which  would  allow  extrapolation  of  time  to 
failure,  either  by  fitting  an  equation  to  the  data  or  by  graphical  means.  Since 
indiscriminate  parameter  extrapolation  may  result  in  orders  of  magnitude  error 
in  median  life  estimation,  only  that  data  which  indicated  obvious  trends  were  used. 
Also,  wherever  it  appeared  that  extrapolation  would  be  required,  the  life  tests 
were  continued  as  long  as  possible  to  verify  that  the  trend  continued. 


3. 6. 1.3  Failure  Distribution  Evaluation  - All  test  cell  data  was  fitted  to  a 
statistical  distribution  which  not  only  adequately  described  the  data,  but  also 
conformed,  where  known,  to  the  behavior  of  the  underlying  physical  phenomena. 

For  example,  sufficient  test  history  is  available  to  justify  the  selection  of  the 
lognormal  distribution  for  surface  related  Semico  iductor  failure  mechanisms  [1] 

[4][5][6],  an  assumption  completely  substantiated  by  the  test  results.  The 
lognormal  distribution  has  also  been  used  to  evaluate  insulation  life  character- 
istics [8];  the  two  inductive  devices  in  the  test  program  both  displayed  insulation 
degradation,  and  their  failure  distribution  provided  a very  good  fit  for  the 
lognormal  distribution. 

Data  plotting  and  testing  for  distributional  assumptions  generally  followed 
published  techniques  [1 ][5][6][8].  Goodness-of-fit  evaluations  were  accomplished 
using  such  techniques  as  the  chi-square  and  Kolmogorov-Smirnov  tests  [9]. 

Bimodal  lognormal  distributions  were  encountered  in  some  semiconductor  devices.  j 

This  has  been  encountered  previously  and  was  therefore  not  unexpected.  The 
bimodal  failure  distribution  is: 
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where: 

Up  = In  (median  life  of  the  freak  distribution) 

Op  = standard  deviation  of  the  freak  distribution 
Um  = In  (median  life  of  the  main  distribution) 
o |yj  = standard  deviation  of  the  main  distribution 

%F  = the  percentage  of  the  total  population  that  is  described  by  the 
freak  distribution 

= the  percentage  of  the  total  population  that  is  described  by  the 
main  distribution 

t = use  time 

A two  parameter  Weibull  distribution  was  found  to  adequately  describe  the  perfor- 
mances of  some  passive  parts.  The  Weibull  Cumulative  Distribution  Function  (CDF) 
can  be  expressed  as  follows: 

CDF  = 1 - exp  - (|)e  (3) 
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where : 

e = Weibull  scale  parameter  (the  63rd  percentile) 

8 = Weibull  shape  parameter 
t = time 

3.6.2  Data  Synthesis 

3.6.2. 1 Arrhenius  Model  - The  Arrhenius  model  describes  the  median  device  lifetime 
as  a function  of  temperature  at  a fixed  voltage,  and  may  be  expressed  as  follows: 

EA 

t50%(°r  0)  " A exP  kT 
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V 


where: 


= device  median  life  at  temperature  (for  lognormal  distribution) 
e = device  scale  parameter  at  temperature  (for  Weibull  distribution) 
A = a constant 

E/\  = apparent  activation  energy  in  electron  volts  (eV) 

k = Boltzmann's  constant  = 8.617  X 10  ^ eV/K 
T = absolute  junction  temperature  (K) 


Evaluation  of  the  Arrhenius  model  using  the  median  life  data  derived  from  the 
matrix  of  accelerated  life  tests  results  in  the  Arrhenius  plots  shown  in 
Figure  3-9.  The  temperature  scale  for  the  plots  is  a linear  function  of  1/kT 
and  the  time  scale  is  log  (time).  Thus,  a plot  of  the  Arrhenius  equation  will 
appear  as  a straight  line,  since 

1n  t50%  ln  A + kT 

3.6. 2. 2 Eyring  Model  - The  Eyring  reaction  rate  model  described  device  lifetimes 
as  a function  of  both  temperature  and  voltage,  and  may  be  expressed  as  [3]: 

t50 * = Wexp{kT"  f(v)  [C  + Fr  ]}  (6) 


where: 

tc,w  = device  median  life  at  temperature 
bu  /o 

G,  C,  and  D are  positive  constants 

Ey^  = activation  energy  in  electron  volts  (eV) 

f(V)  = some  function  of  bias  voltage 

k = Boltzmann's  constant  = 8.617  X 10  ^ eV/k 

TO 

h = Planck's  constant  = 1.149  X 10  eV  hr 

T = absolute  junction  temperature  ( K ) 


* 
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The  first  step  in  evaluating  the  unknowns  in  equation  (5)  is  to  determine  the 
form  of  the  f(V)  function.  A plot  of  In  t5Q„  as  a function  of  voltage,  but 
at  a fixed  temperature,  provides  a means  for  examining  the  shape  of  f(V)  since. 


ln  t50%  = ln  FT'  + FT  " f(V)  [C  + £ 1 


and  at  fixed  temperature,  equation  (6)  reduces  to 


ln  t50%  = a - b f(V)  (8) 

where: 

a and  b are  constants 

Thus,  an  f(V)  function  equal  to  V will  appear  as  a straight  line,  and  other  functions 
can  be  evaluated  using  curve  fitting  techniques.  Although  several  of  the  test  parts 
displayed  a sensitivi-y  to  the  level  of  applied  voltage,  insufficient  data  was 
available  for  an  Eyring  Model  Analysis. 

3.6.2. 3 Failure  Rates  - The  failure  rate  for  a single  distribution  is  defined  as 

[10]: 

= (0) 

where: 

A ( t ) = the  instantaneous  failure  rate  at  time  t 
f(t)  = the  failure  density  at  time  t 
R(t)  = the  reliability  at  time  t 

The  failure  rate  for  the  lognormal  distribution,  used  throughout  this  report,  is 
defined  as: 
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*(t) 


1 


t o /2rT 


exp 


_ t - 

2ri_2 


exp 


. ( 1 n_  t 

2o2 


(10) 


where: 

u = In  (median  life) 
a = the  standard  deviation 

Assuming  that  an  Arrhenius  equation  defines  the  median  life  at  a junction 
temperature  provides  the  following  temperature  dependent,  lognormal  failure  rate: 


*(t) 


exp  - 


[In  t - (In  A + EA/k  T)]2 
2q2 


exp 


[In  t - (In  A + EA/k  T)]2 

1? 


(11) 


For  a bimodal  distribution  consisting  of  two  lognormal  failure  rates,  the  total 
instantaneous  failure  rate  is: 

X(t)Total  = X(t)Freak  (%  Freak)  + ^^Main  Main)  (12) 

The  standard  deviation  (6)  used  in  calculating  the  failure  rate  was  established 
by  "pooling"  the  standard  deviations  calculated  for  identically  biased  test  cells 
as  follows: 
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o,)2  Nr  + (oj2  Np  + ...  (oN)2  Np 
1 F1  2 F2 N IN  (13) 

Nr  + Nr  + ...  N. 

h r2 


where: 

= calculated  standard  deviation  in  cell  i 

Np  = number  of  failures  in  cell  i 
i 

The  failure  rate  for  t he  Weibull  distribution  used  in  this  report  is  defined  as: 


where : 

3 = shape  parameter 

6 = scale  parameter  (the  63rd  percentile) 
t = time 


(14) 


Assuming  that  an  Arrhenius  equation  defines  the  scale  parameter  at  a storage 
temperature  provides  the  following  temperature  dependent  Weibull  failure  rate: 


L 


(15) 


The  developed  failure  rate  equations  were  used  to  calculate  the  maximum  instanta- 
neous failure  rate  for  a storage  condition.  ^ ^ ^ MAX  as  usec*  reP°r^  1s 

the  maximum  value  of  instantaneous  failure  rate  for  a storage  temperature  range 
of  25°C  to  100°C  for  a 20  year  time  period.  The  failure  rate  equations  for  each 
part  are  presented  in  the  Appendices  and  failure  rates  can  be  calculated  for  any 
specific  time  and  temperature  combinations. 
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The  term  "high  storage  reliability  potential"  is  used  in  this  report  when  describing 
a part  which  experienced  insufficient  life  test  failures  for  a failure  distribution/ 
failure  rate  analysis.  As  a basis  for  reference,  a failure  rate  was  calculated  for 
these  parts  by  assuming  the  cumulative  percentage  of  failures  at  the  end  of  the  life 
test  (4000  or  6000  hours)  would  be  either  a lognormal  or  Weibull  distribution 
(depending  on  the  part)  having  a conservative  standard  deviation  or  shape  parameter. 

An  Arrhenius  model  having  an  activation  energy  of  1.0  eV  was  assumed  to  be  appli- 
cable, allowing  the  calculation  of  failure  rates  in  the  storage  temperature  range 
of  interest.  In  all  cases  the  calculated  failure  rate  was  very  small,  and 
X(t)MAx<<;10  ^ failures  per  hour  is  used  in  this  report  to  quantify  the  term  "high"  .y 
storage  reliability  potential". 
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4.0  SUMMARY  OF  RESULTS 

Details  of  the  accelerated  life  tests  are  provided  for  each  part  in  an  individual 
appendix  in  this  report.  A summary  of  program  findings  is  given  by  part  category 


Category  2 
(2  parts) 


in  Figure  4-1 . 

Category  1 - Parts  having  sufficient  life  test  failures  for  failure 
(n  Parts)  distribution/failure  rate  analysis. 

Parts  with  few  life  test  failures  but  displaying  an 
obvious  parameter  degradation  trend  allowing  failure 
time  extrapolation  and  subsequent  failure  distribution/ 
failure  rate  analysis. 

Category  3 - Parts  having  no  obvious  parameter  degradation  trends  and 
(8  parts)  t0Q  ^ew  test  faiiures  (or  applicable  failures)  for 

failure  distribution/failure  rate  analysis. 


Included  in  Figure  4-1  are  the  life  test  failure  percentage,  major  failure  mechanism 
identification,  failure  distributions,  calculated  maximum  instantaneous  failure 
rate,  recommendation  status,  and  Appendix  references  for  detail  information. 


Thirteen  parts  (eleven  Category  1 plus  two  Category  2)  provided  sufficient  failures 
for  failure  distribution/failure  rate  analysis.  Nine  of  these  parts  (seven 
Category  1 and  two  Category  2)  had  temperature  induced  failure  mechanisms  and  are 
therefore  considered  applicable  to  a storage  environment.  The  remaining  four 
Category  1 parts  had  failure  mechanisms  induced  by  the  combined  effects  of  voltage 
and  temperature  and  provide  a conservative  estimate  for  storage  failure  rates. 
Evidence  of  voltage  sensitivity  was  observed  in  several  semiconductor  devices  but 
the  data  was  not  adequate  for  a comprehensive  Eyring  model  evaluation.  The  log- 
normal failure  distribution  was  found  to  adequately  describe  all  semiconductor 
failure  distributions  and  some  passive  parts  failure  distributions.  The  Weibull 
failure  distribution  provided  a good  fit  for  the  balance  of  the  passive  parts. 


The  eight  parts  comprising  Category  3 include  four  TTL  integrated  circuits,  the 
two  diodes,  and  two  chip  capacitors.  The  TTL  integrated  circuit  results  corro- 
borate previous  findings  [1][11]  on  the  high  potential  reliability  which  can  be 
obtained  from  this  mature  technology  when  properly  manufactured  and  screened. 
Even  though  one  of  the  diodes  encountered  only  a few  failures,  a recommendation 
is  made  for  further  investigation  of  what  is  considered  to  be  a potentially 
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FIGURE  4-1  SUMMARY  - PROGRAM  RESULTS  (CONT.  NEXT  PAGE) 
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marginal  design  configuration.  The  two  chip  capacitors  originally  were  intended 
to  have  an  applied  voltage  as  an  additional  life  test  accelerator.  The  early 
loss  of  the  MDAC-East  installed  test  leads  due  to  solder  degradation  precluded 
use  of  voltage  as  an  accelerator  for  most  of  the  test,  and  temperature  alone 
induced  only  a few  failures. 
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5.0  CONCLUSIONS  AND  RECOMMENDATIONS 

Specific  conclusions  and  recommendations  for  each  part  in  the  test  program  are 
summarized  in  Figure  5-1.  The  Category  3 parts  are  grouped  for  a common  entry. 

In  general  the  parts  tested  should  have  a good  storage  reliability  potential. 

However,  seven  parts  displayed  characteristics  which  merit  further  investigation. 

P/N  773050,  256  Bit  Random  Access  Memory  - There  were  five  different  date  codes 
and  two  different  device  designs  in  the  test  program  parts,  resulting  in  a reduced 
data  base  for  analysis.  The  tests  on  this  part  should  be  repeated  using  a homo- 
genius lot. 

P/N  772928,  Low  Power  Switch  - This  transistor  has  a specified  storage  temperature 
limit  of  200°C.  Severe  gain  degradation  (50%  at  4000  hours)  was  encountered  by 
this  part  at  temperatures  as  low  as  150°C.  Further  investigation  of  the  failure 
mechanism,  lot-to-lot  variability,  and  appropriateness  of  the  specified  200°C 
part  storage  temperatures  are  required. 

P/N  772929,  Low  Power  Amplifier  - This  transistor  also  experienced  gain  degradation 
during  the  life  tests,  but  much  less  severely  than  P/N  772928.  However  the  data 
analysis  projects  significant  gain  degradation  at  storage  temperatures  above  150°C. 
Since  the  part  specification  establishes  200°C  as  the  upper  storage  temperature 
limit,  additional  investigation  into  lot-to-lot  variability  and  the  appropriateness 
of  the  200°C  storage  temperature  limit  are  in  order. 

P/N  773052,  NPN  Low  Power  Amplifier  - This  transistor,  while  also  experiencing  gain 
degradation  under  a storage  test  condition,  evidenced  contamination  by  mobile  ions 
in  the  oxide  which  could  affect  operational  performance.  The  impact  of  the  mobile 
ion  contamination  should  be  investigated.  In  addition,  this  transistor  specification 
also  identifies  200°C  as  the  upper  storage  temperature  limit;  however,  the  freak 
population  (10%  of  total  parts)  will  have  marginal  life  characteristics  at  temper- 
atures above  150°C.  The  appropriateness  of  the  specified  200°C  storage  temperature 
limit  should  be  investigated. 
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P/N  773058-39  and  773059  Inductors  - Both  of  these  inductors  exhibited  insulation 
degradation  at  temperatures  below  or  at  the  specified  maximum  limit  (125°C). 

The  acceptibil ity  of  the  125°C  temperature  limit  and  lot-to-lot  variability  of  the 
insulation  diffusion  failure  mechanism  should  be  investigated. 

P/N  773056-20,  Tantalum  Cnip  Capacitor  - The  part  specification  establishes  125°C 
as  the  upper  storage  temperature  limit.  Data  analysis  indicates  this  part  will 
have  marginal  life  characteristics  at  temperatures  above  100°C.  The  validity  of 
the  125°C  part  storage  temperature  limit  should  be  investigated. 
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FAILURE  DATA  SHOWED  A GOOD  FIT  TO  WEIBULL 
DISTRIBUTION. 

NO  FREAK  POPULATION  IS  EVIDENT. 

THIS  CAPACITOR  SHOULD  HAVE  A HIGH  STORAGE 
RELIABILITY  POTENTIAL. 
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A1 . 0 PART  DESCRIPTION 

The  Quad,  2-Input  NAND  Gate,  P/N  772921,  a generic  type  5400,  is  a beam  lead 
monolithic  integrated  circuit  intended  for  hybrid  circuit  application.  The  beam 
lead  die,  manufactured  by  the  Raytheon  Company,  Semiconductor  Division,  was 
specially  packaged  by  the  Raytheon  Missile  Systems  Division  in  a hermetic  16  pin 
dual-in-line  package  (DIP)  for  this  storage  reliability  test  program. 

The  Acceptance  Test  record  accompanying  the  parts  noted  that  some  of  the  DIP 
packages  contained  microcracks.  Figure  A1 , which  had  been  induced  during  the  fine 
and  gross  leak  tests.  The  packages  could  not  withstand  the  necessary  bomb  pressure 
for  these  leak  tests.  Therefore,  subsequent  leak  testing  was  restricted  to  a non- 
pressurized  fluorocarbon  bubble  gross  leak  test  during  Acceptance  Tests  at 
Raytheon. 

Due  to  the  potentially  severe  temperature  cycling  effects  which  these  devices 
would  experience  in  the  test  program,  preliminary  testing  of  the  packages  was 
accomplished.  Sixteen  of  these  devices  and  twelve  operational  amplifiers, 

P/N  772926,  which  had  the  same  problem  (reference  Appendix  "F"),  were  subjected 
to  the  hermeticity  evaluation  described  in  Table  A1 . Sixteen  temperature  cycles, 
laboratory  ambient  to  250°C,  simulated  the  thermal  cycles  the  parts  would 
experience  in  the  life  test.  The  results  indicated  that  loss  of  hermeticity  could 
be  expected  to  occur  during  the  test  program.  However,  the  lack  of  suitable 
replacement  parts  resulted  in  the  decision  to  use  this  lot  of  parts  in  the  accel- 
erated life  test.  It  should  be  pointed  out  that  none  of  the  failures  which  were 
generated  during  the  accelerated  life  test  could  be  associated  with  a package 
hermeticity  problem. 

A2 . 0 CONSTRUCTION  ANALYSIS 

Table  A2  summarizes  the  physical  details  of  the  test  configuration  part,  while 
Figures  A2,  A3  and  A4  offer  visual  details  and  a schematic  diagram  of  the  device. 
Typical  beam  lead  bonds  are  pictured  in  Figure  A5.  This  device  contains  no 
materials  which  would  restrict  testing  below  300°C. 
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TABLE  A2 . PART  CONSTRUCTION  DETAILS  - P/N  772921  - 
QUAD  2- INPUT  NAND  GATE 


A.  IDENTIFICATION 

1.  Part  Name:  Quad  2- Input  NAND  Gate  (5^00) 

2.  Part  Manufacturer:  Raytheon  Co.,  Semiconductor  Division 

3-  Part  Number:  772921 

A.  Date  Code:  None 

B.  PACKAGE 

1.  Type:  16-Pin  Ceramic  Dual-In-Line  Package  (Drawing  No.  757437) 

2.  Weight : 1.26  grams 

3-  Mater i a 1 : 

a)  Lid:  Kovar,  gold-plated 

b)  Leads:  Gold-plated  Kovar  which  is  braze  welded  to  a refractory 

metal  feedthru.  The  refractory  metal  is  gold-plated 
in  the  internal  area  of  the  package. 

c)  Seals:  The  lid  is  brazed  to  the  lid  frame  and  the  seal  around 

the  leads  is  fired  ceramic. 

C.  INTERNAL  GEOMETRY 

1.  Interconnections:  Beam  leads  bonded  to  gold-plated  refractory 

metal  conductors. 

2.  Die: 

a)  Type:  Silicon,  planar  (beam  lead) 

b)  Scribe  Method:  Etch 

c)  Die  Dimensions:  .OAA  inch  x .033  inch 

d)  Passivation:  Silicon  Nitride  over  Silicon  Dioxide 

3-  Metal  1 ization: 

a)  Type:  Gold/Titanium/Platinum 

b)  Metallization  Layers:  One 
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FIGURE  A2 . EXTERNAL  CONSTRUCTION  - P/N  772921  - QUAD  2-INPUT 
NAND  GATE 
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FIGURE  A3.  SCHEMATIC  DIAGRAM  - P/N  772921  - QUAD  2- INPUT  NAND  GATE 
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The  typical  SAM-D  configuration,  Figure  A6,  has  the  die  beam  lead  bonded  to  gold- 
plate  metallization  deposited  on  a ceramic  substrate. 

A3 . 0 ELECTRICAL  TEST  CRITERIA 

All  D.C.  electrical  tests  required  by  772921,  plus  the  input  clamp  voltage  (Vjq) 
for  each  input,  as  summarized  in  Table  A3,  comprise  the  electrical  tests  for  this 
device. 

A4.0  BIAS  CIRCUIT  ANALYSIS 

Bias  circuit  evaluation  was  facilitated  by  previous  MDAC-EAST  experience  with 
similar  parts  [A1][A2],  Two  bias  circuits,  shown  in  Figure  A7,  offering  variations 
of  high  and  low  inputs  were  investigated.  Bias  circuit  1 had  three  gates  with 
one  high  and  one  low  input,  and  one  gate  with  both  inputs  high.  Bias  circuit  2 
had  two  gates  with  one  high  and  one  low  input,  one  gate  with  both  inputs  high, 
and  one  gate  with  both  inputs  low. 

Both  bias  circuits  remained  thermally  stable  at  an  ambient  temperature  of  250°C 
with  a device  voltage  (V^)  of  5.0  volts  and  experienced  thermal  runaway  at  275°C. 
Neither  bias  circuit  could  be  operated  in  an  ambient  temperature  of  250°C  with  a 
supply  voltage  of  5.25  volts  without  being  dangerously  close  to  thermal  runaway. 
Plots  of  supply  current  versus  ambient  temperature  for  both  bias  circuits  and 
supply  current  as  a function  of  supply  voltage  at  specific  ambient  temperatures 
for  bias  circuit  2 are  provided  in  Figure  A7.  Current  densities  were  sufficiently 
low  to  preclude  electromigration  failures  within  the  life  test  duration. 

Bias  circuit  2 was  selected  as  the  candidate  life  test  circuit  because  it  drew 
less  current  at  the  higher  temperatures  and  optimized  gate  biasing  conditions. 
Maximum  test  conditions  of  5.0  volts  applied  bias  and  250°C  ambient  temperature 
were  tentatively  selected  for  the  accelerated  life  test  and  were  the  conditions 
used  in  the  step  stress  test.  A 40  ohm  current  limiting  resistor  was  selected  to 
preclude  catastrophic  damage  in  the  event  of  device  failure. 
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A5.0  STEP  STRESS  TEST  RESULTS 

A step  stress  test  was  conducted  on  twenty  test  devices  utilizing  bias  circuit  2 
with  Vcc  equal  to  5.0  volts.  Four  sixteen  hour  steps.  Figure  A8,  starting  at 
1 75°C  and  concluding  at  250°C,  generated  no  failures,  and  were  concluded  with  no 
anomalous  conditions.  Therefore,  the  test  conditions  were  considered  acceptable 
for  the  accelerated  life  test  program. 


A6.0  LIFE  TEST  CONDITION  AND  RESULTS 

The  accelerated  life  test  conditions  for  this  device  are  summarized  in  Figure  A8. 
The  Table  A4  life  test  summary  reveals  the  life  tests  lasted  the  full  4000  hours, 
producing  only  five  device  failures  or  less  than  4%  of  the  devices  in  the  life 
test.  The  test  failures  were  spread  among  the  three  250°C  cells,  each  having  a 
different  V^,  including  zero. 

A7.0  FAILURE  ANALYSIS 

A summary  of  the  failure  analysis  results  is  presented  in  Table  A5.  Three  parts, 
two  in  Cell  1 and  one  in  Cell  2,  exhibited  excessive  1^  due  to  exponential 
leakage  between  pin  1 and  ground.  Initial  curve  tracer  testing  showed  an  inter- 
mittent condition,  suggesting  a mechanical  problem.  After  delidding,  the  amount 
of  leakage  would  vary  intermittently  if  the  pin  1 beam  lead  was  nudged  with  a 
probe,  and  in  each  instance  the  leakage  disappeared  when  the  die  was  removed  from 
the  package  by  cutting  the  beams  free.  Microscopic  examination  disclosed  no  loose 
conductive  particles  or  any  other  discrepancies.  These  findings  indicated  that 
the  leakage  probably  was  caused  by  contact  between  the  beam  and  the  edge  of  the 
substrate  (ground).  However,  examinations  of  the  die  before  and  after  removal  of 
the  beams  failed  to  disclose  where  contact  occurred;  thus,  the  exact  cause  of 
failure  was  not  determined.  The  pin  1 beam  was  wider  than  all  other  beams, 
apparently  to  accommodate  the  part  number  (5400)  etched  into  it  as  shown  in 
Figure  A9.  This  may  have  contributed  to  the  failure  of  pin  1,  but  no  supportive 
evidence  was  found. 


The  two  Cell  3 failures  at  4 hours  displayed  negative  values  of  ITLn,  one  at  pin  8 
(-10  uA)  and  one  at  pin  5 (-22  yA) . Curve  tracer  tests  indicated  that  the  negative 
Ij^l  was  due  to  excessive  series  resistance  in  the  input  stage  transistor.  After 
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STEP  STRESS  AND  LIFE  TEST  CIRCUIT 


STEP  STRESS  TEST  - FAILURE  SUMMARY  (20  DEVICES) 
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LIFE  TEST  CONDITIONS 
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ta 
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CURRENT 
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TABLE  A*4.  LIFE  TEST  SUMMARY  - P/N  772921 
QUAD  2- INPUT  NAND  GATE 


TP9T  CELL  DESCRIPTION 


CUMULATIVE  FAILURES  AT  HOURS  OF  TEST 


APPLIED 

BIAS 

AMBIENT 

TEMPERATURE 

5 VDC 

250°  C 

3-5  VDC 

250°C 

0 VDC 

250°C 

5 VDC 

225°C 

5 VDC 

200°  C 

2 2 2 2 2 2 


* TEST  TERMINATED 


TABLE  A5.  FAILURE  ANANYSIS  SUMMARY  - P/N  772921 
QUAD  2- INPUT  NAND  GATE 


FAILED  PARAMETER  OR  SYMPTOMS 
FAILURE  MODE 
FAILURE  MECHANISM 
CAUSE  OF  FAILURE 


QUANTITY  OF  FAILURES  AND  TIME  OF  FAILURE 


j 225° 


5 9 j 3.5V  OV  i 5V 


CELL  3 ! CELL  A | CELL  5 


A. 

1 IHI  (PIN  » 

1 ®32 

B. 

INPUT  TO  GROUND  LEAKAGE 

1 @25014 

C. 

BEAM  TO  DIE  SHORT 

D. 

NOT  DETERMINED 

A. 

l|H,  (NEGATIVE) 

B. 

EXCESSIVE  RESISTANCE 

C. 

NOT  DETERMINED 

D. 

NOT  DETERMINED 

TOTAL  NUMBER  OF  FAILED  PARTS 
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FIGURE  A9. 


CLOSEUP  OF  THE  WIDE  BEAM  (PIN  1)  AND  A TYPICAL  BEAM 
(PIN  1M  - P/N  772921  - QUAD  2- INPUT  NAND  GATE 
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removing  the  dice  from  the  packages,  the  defective  pins  displayed  normal  values  of 
I j 1^1  - This  indicated  that  the  cause  of  excessive  series  resistance  was  mechanical 
in  nature,  but  analysis  of  these  parts  did  not  disclose  the  specific  cause. 

A8.0  DATA  CORRELATION 

Insufficient  failures.  Table  A5,  were  encountered  in  the  test  program,  precluding 
the  identification  of  failure  distributions.  Althougn  the  cause  of  the  five  test 


failures  (all  I. 


could  not  be  established,  the  presence  of  two  failure  modes. 


input  to  ground  leakage  and  excessive  resistance,  suggests  the  possibility  of  two 
failure  causes.  The  lot  acceptance  records  accompanying  the  parts  showed  one 
IjH1  failure  occurred  during  initial  acceptance  testing. 

Even  though  the  failures  all  occurred  in  the  250°C  test  cells,  the  data  is 
inadequate  to  infer  either  a temperature  or  a voltage  sensitivity.  The  parameter 
Ij^l  revealed  no  trends  during  the  test  program.  Since  there  were  insufficient 
failures  for  data  analysis,  other  parameter  trends  were  investigated  to  establish 
feasibility  of  extrapolating  times  to  failure.  The  parameters  IJH1,  IIH2,  VJC, 

1 1 L » Iq^.  and  displayed  good  stability  throughout  the  4000  hour  life  test. 

The  percent  change  from  pretest  values  for  three  typical  parameters,  1^, , 

IQS,  and  at  the  highest  temperature  and  stress  are  shown  in  Figure  A10 

for  the  discrete  measurement  times. 

The  lack  of  test  failures  and  the  absence  of  parameter  trends  preclude  the 
calculation  of  a storage  failure  rate;  however,  it  appears  that  the  beam  lead 
chip  should  exhibit  a high  storage  reliability  potential  (x(t)[v)AX«10’10 
fail ures  per  hour) . 

A9.0  CONCLUSIONS  AND  RECOMMENDATIONS 

o Although  insufficient  failures  were  accumulated  to  allow  a failure  rate 
calculation,  the  beam  lead  chip  should  have  a high  reliability  potential 
in  both  storage  and  operating  modes. 

o The  16  pin  DIP  package  (and  its  associated  microcracks  in  the  ceramic) 
did  not  influence  the  outcome  of  the  test  program, 
o The  five  test  failures  appear  mechanical  in  nature  and  should  be 
applicable  to  a storage  environment. 
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FIGURE  A10.  BEHAVIOR  OF  SELECTED  PARAMETERS  DURING  LIFE  TEST  - 
P/N  772921  - QUAD  2- INPUT  NAND  GATE 
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The  Dual  4-Input  Multiplexer,  P/N  M38510/01404,  is  the  logic  implementation  of  a 
two-pole,  four  position  switch  with  the  switch  position  determined  by  the  logic 
signals  applied  to  the  select  inputs,  pins  3 and  13.  The  part  was  manufactured 


by  Advanced  Micro  Devices.  This  test  configuration  is  identical  to  the  SAM-D  use 
configuration. 


B2.0  CONSTRUCTION  ANALYSIS 

The  pertinent  physical  details  of  the  test  configuration  part  are  provided  in 
Table  B1 . Figures  B1 , B2  and  B3  are  a photograph  of  the  external  construction, 
a logic  diagram  and  the  internal  construction,  respectively.  The  device  contained 
no  materials  which  limited  testing  below  300°C. 

The  typical  SAM-D  configuration,  Figure  B4,  consists  of  a device,  identical  to  the 
life  test  part,  soldered  to  the  metallization  on  a fiber  glass  circuit  board. 

B3.0  ELECTRICAL  TEST  CRITERIA 

The  electrical  test  criteria  used  to  examine  this  part  consisted  of  the  Table  III, 
Subgroups  1 and  7,  tests  for  the  04  type  device  of  M3851 0/01 4 , as  summarized  in 
Table  B2. 

B4.0  BIAS  CIRCUIT  ANALYSIS 

Three  candidate  life  test  bias  circuits,  illustrated  in  Figure  B5,  were  evaluated. 
Data  plots  are  shown  in  Figure  B6.  Bias  circuit  1 had  all  of  the  inputs  to  the 
device  connected  to  Vqq.  Bias  circuit  2 differed  in  that  pins  7 and  9 were 
connected  to  ground.  The  supply  currents  of  bias  circuits  1 and  2 were. both 
excessive  at  200°C  (potential  electromigration  failures).  With  the  part  at  a 
200°C  ambient  temperature  tne  inputs  were  moved  from  Vqq  to  ground,  one  at  a time, 
and  the  supply  current  decreased  to  a minimum  when  all  inputs  were  at  ground 
potential.  This  configuration  (all  inputs  at  ground  potential)  is  bias  circuit  3. 


Figure  B6  shows  bias  circuit  3 supply  current  versus  ambient  temperature  for  three 
different  supply  voltages.  The  device  could  not  be  operated  in  a 250°C  ambient 
temperature  with  a supply  voltage  of  5.0  volts  due  to  thermal  runaway.  Reducing 
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TABLE  Bl.  PART  CONSTRUCTION  DETAILS  - P/N  M385 10/0 1 404  - DUAL 
4-INPUT  MULTIPLEXER 


A.  IDENTIFICATION 

1.  Part  Name:  Dual  4-Input  Multiplexer  (9309) 

2.  Part  Manufacturer:  Advanced  Micro  Devices 

3.  Part  Number:  M3851 0/01 404 

4.  Date  Code:  7403 


B.  PACKAGE 

1.  Type:  16-Lead  ceramic/metal  Flatpack 

2.  Weight:  0.469  gram 

3.  Materials: 

a)  Lid:  Kovar,  gold-plated 

b)  Leads:  Kovar,  gold-plated  external  and  internal 

c)  Lid  Seal : Solder 


C.  INTERNAL  GEOMETRY 

1.  Interconnections: 

a)  Type:  Aluminum  Wire 

b)  Diameter:  0.001  inch 

c)  Bonds: 

1)  Aluminum- Aluminum  ultrasonic  at  the  die 

2)  Aluminum-Gold  ultrasonic  at  the  frame 

2.  Die: 

a)  Type:  Silicon,  Planar 

b)  Scribe  Method:  Mechanical 

c)  Dimensions:  0.060  inch  x 0.076  inch 

d)  Attach  Method:  Gold  eutectic 

e)  Glassivation : Silicon  Dioxide 

3.  Metallization 

a)  Type:  Aluminum 

b)  Number  of  Layers:  One 
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FIGURE  Bl.  EXTERNAL  CONSTRUCTION  - P/N  M385 1 0/0 1 AOA  - DUAL  A-INPUT  MULTIPLEXER 
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FIGURE  B2 . LOGIC  DIAGRAM  - P/N  M38510/01A0A  - DUAL  A-INPUT  MULTIPLEXER 
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FIGURE  B3.  INTERNAL  CONSTRUCTION  DETAILS  - P/N  M38510/01404  • 
DUAL  A-INPIJT  MULTIPLEXER 
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FIGURE  BA. 
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TYPICAL  SAM-D  CONFIGURATION  - P/N  773A27 
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BIAS  CIRCUIT  1 BIAS  CIRCUIT  2 


BIAS  CIRCUIT  3 


FIGURE  B5-  BIAS  CIRCUITS  - P/N  M385 1 0/0 1 AOA  - DUAL  A-INPUT  MULTIPLEXER 
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the  maximum  temperature  to  225°C  allowed  Vqq  = 5.0  volts.  The  third  plot  of 
Figure  B6  is  supply  current  versus  supply  voltage  with  the  device  operating  in  an 
ambient  of  225°C.  Circuit  3 with  a 5 volt  Vcc  was  selected  as  the  candidate  life 
test  circuit. 

B5 . 0 STEP  STRESS  TEST  RESULTS 

A step  stress  test  was  performed  on  20  devices  utilizing  bias  circuit  3 with  Vcc 
equal  to  5.0  volts.  The  step  stress  test  consisted  of  2 steps  of  sixteen  hours, 
the  first  in  an  ambient  temperature  of  200°C  and  the  second  at  225°C.  As 
summarized  in  Figure  B7,  no  failures  were  encountered,  indicating  that  bias 
circuit  3 could  be  safely  used  for  the  life  test. 

B6.0  LIFE  TEST  CONDITION  AND  RESULTS 

A summary  of  the  accelerated  life  test  conditions  for  each  cell  appears  in 
Figure  B7.  Table  B3  is  a summary  of  the  life  test  showing  cumulative  failures  at 
the  various  interim  test  times.  Cells  1,  2,  3 and  5 were  terminated  after  4000 
hours  of  life  test.  Cell  4 was  left  on  test  until  it  reached  6000  hours.  Only 
two  failures,  one  in  Cell  4 and  one  in  Cell  5,  were  generated. 

B 7.0  FAILURE  ANALYSIS 

A summary  of  the  failure  analysis  results  is  presented  in  Table  B4.  One  part 
displayed  an  open  pin  11  that  was  traced  to  a lifted  aluminum  ultrasonic  wire  bond 
at  the  die  metallization.  The  bond  pad  contained  an  imprint  of  the  bond,  but 
almost  no  sign  of  welding  as  shown  in  Figure  B8.  Insufficient  ultrasonic  energy 
was  transmitted  to  the  bond  interface  because  of  improper  machine  settings  or 
insufficient  bond  time. 

One  part  exhibited  an  open  pin  14  that  was  not  confirmed  during  bench  testing. 
Microscopic  examination  of  the  interior  of  the  part  and  pull  testing  of  the  wire 
bonds  disclosed  no  anomaly  which  could  account  for  the  symptoms;  therefore,  the 
failure  was  attributed  to  an  open  in  the  test  card  or  test  set  socket. 

B8.0  DATA  CORRELATION 

There  were  insufficient  test  failures  to  allow  failure  distribution  analysis.  The 
Table  B4  Failure  Analysis  Summary  reveals  only  two  failures.  The  lifted  bond 
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STEP  STRESS  AND  LIFE  TEST  CIRCUIT 
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FIGURE  B7.  STEP  STRESS  RESULTS  AND  LIFE  TEST  CONDITIONS  - P/N  M385I0/0I404  - 
DUAL  A- INPUT  MULTIPLEXER 
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TABLE  B3.  LIFE  TEST  SUMMARY  - P/N  M38510/OIAOA  - DUAL  A-INPUT  MULTIPLEXER 


TEST  CELL  DESCRIPTION 


APPLIED 

BIAS 

AM8IENT 

TEMP. 
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5 VDC 
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30 

6 VDC 

225°C 

30 

3 VDC 
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30 

CUMULATIVE  FAILURES  AT  HOURS  OF  TEST 
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TABLE  B A*.  FAILURE  ANALYSIS  SUMMARY  - P/N  M385 1 0/0 1 AOA  - DUAL  A-INPUT 
MULTIPLEXER 


. FAILED  PARAMETER  OR  SYMPTOMS 
. FAILURE  MODE 
. FAILURE  MECHANISM 
. CAUSE  OF  FAILURE 


OPEN  PIN 

. LIFTED  AI-AI  BOND 
. UNDERBONDED 

. INSUFFICIENT  ULTRASONIC  ENERGY 


A.  OPEN  PIN 

B.  NONE  (RETEST  OK) 

C.  NONE 

D.  TEST  SET  FAULT 


QUANTITY  OF  FAILURES  AND  TIME  OF  FAILURE  (HOURS)! 


TOTAL  NUMBER  OF  FAILED  PARTS 
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B8.  LIFT-OFF  PATTERN  OF  THE  OPEN  PIN  It  BOND  - P/N  M385 1 0/0 1 404 
DUAL  4-INPUT  MULTIPLEXER 
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failure  is  applicable  to  a storage  environment  and  the  failure  due  to  test  set 
fault  is  not  applicable.  Since  the  failure  data  is  inadequate  for  distributional 
analysis,  the  parametric  test  data  was  investigated  for  obvious  trends  that  would 
allow  extrapolation  of  times  to  failure.  No  obvious  trends  were  detected.  The 
behavior  of  six  parameters,  V I(,,  V^,  I L>  IQS,  IjH1,  and  Ij^’  at  the  hi9hest 
temperature  and  voltage  stress,  is  shown  in  Figure  B9. 


The  lack  of  test  induced  failures  or  parameter  degradation  trends  indicates  the 
test  device  has  a high  storage  reliability  potential  (x  <<:  10  ^ failures 
per  hour) . 


B9.0  CONCLUSIONS  AND  RECOMMENDATIONS 

o The  one  applicable  failure  encountered  in  the  life  test  program  was 

inadequate  for  failure  rate  analysis. 

o This  dual  4-input  multiplexer  has  demonstrated  a Irgh  storage 

reliability  potential  (x(t)UBU  <<  10'^  failures  per  hour). 
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FIGURE  B9.  BEHAVIOR  OF  SELECTED  PARAMETERS  DURING  LIFE  TEST  - 
P/N  M385  10/0 1 ^04  - DUAL  INPUT  MULTIPLEXER 
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C1.0  PART  DESCRIPTION 

The  Quad  2-Input  NANO  Buffer,  P/N  M38510/00303,  is  a high  sink  current,  open 
collector  output  device.  The  part,  manufactured  by  Signetics  Corporation,  is  a 
monolithic  die  mounted  in  a ceramic  flatpack  package  in  the  conventional  chip  and 
wire  manner.  This  test  configuration  is  identical  to  the  SAM-D  use  configuration. 

C2.0  CONSTRUCTION  ANALYSIS 

Table  Cl  contains  a summary  of  the  pertinent  physical  details  of  the  test  config- 
uration part.  Figure  Cl  is  a photograph  of  the  external  construction  of  the 
device.  Figure  C2  is  a schematic  diagram  of  one  of  the  four  identical  buffers. 

A view  of  the  internal  cavity  of  this  part  and  a photograph  of  the  die  topography 
make  up  Figure  C3.  The  device  contains  no  materials  which  limited  testing  below 
300°C. 

The  typical  SAM-D  configuration  of  this  part,  Figure  C4 , consists  of  the  test  part 
(M38510/00303)  soldered  to  the  metallization  of  a fiber  glass  circuit  board. 

C3.0  ELECTRICAL  TEST  CRITERIA 

All  of  the  Subgroup  1 tests  of  the  Group  A inspection  for  device  type  03  from 
M38510/003  were  performed  for  this  device.  Table  C2  identifies  these  tests, 
terminal  conditions  and  limits. 

C4.0  BIAS  CIRCUIT  ANALYSIS 

Various  bias  circuits  were  examined  and  two  were  found  which  could  be  operated  at 
250°C  with  V^r  = 5.0  volts,  as  shown  in  Figure  C5.  Bias  circuit  1 had  one  input 
high  and  one  input  low  on  each  buffer  input  and  all  of  the  outputs  connected  to  a 
common  pull-up  resistor.  Bias  circuit  2 had  one  input  high  and  one  input  low  on 
two  buffers  and  both  inputs  high  on  the  other  two  buffers.  Each  output  had  a 
pull-up  resistor.  Bias  circuit  1 required  less  supply  current  at  room  temperature 
than  bias  circuit  2 and  could  safely  operate  at  ambient  temperatures  up  to  250°C, 
whereas  bias  circuit  2 was  dangerously  close  to  thermal  runaway  at  250°C.  Bias 
circuit  1 was  chosen  as  the  candidate  life  test  circuit  for  this  reason.  The 
maximum  life  test  temperature  would  have  to  be  limited  to  250°C  to  preclude  thermal 
runaway. 
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TABLE  Cl.  PART  CONSTRUCTION  DETAILS  - P/N  M38510/00303  - 
QUAD  2- INPUT  NAND  BUFFER 


A.  IDENTIFICATION 

1.  Part  Name:  Quad  2-Input  NAND  Buffer  (5438) 

2.  Part  Manufacturer:  Signetics  Corporation 

3.  Part  Number:  M385T 0/00303 

4.  Date  Code:  J7208 


B.  PACKAGE 

1.  Type:  14-Lead  Ceramic  Flatpack 

2.  Weight:  0.296  gram 

3.  Materials: 

a)  Lid:  Ceramic 

b)  Leads:  Kovar,  gold-plated 

c)  Lid  Seal : glass 


C.  INTERNAL  GEOMETRY 

1.  Interconnections: 

a)  Type:  Aluminum  Wire 

bj  Diameter:  0.00105  inch 
c)  Bonds: 

1)  Aluminum-aluminum  ultrasonic  at  the  die 

2)  Aluminum-gold  ultrasonic  at  the  frame 

2.  Die 

a)  Type:  Silicon,  Planar 

b)  Scribe  Method:  Mechanical 

c)  Dimensions:  0.062  inch  x 0.051  inch 

d)  Attach  Method:  Gold  eutectic 

e)  G1 assi vation : Silicon  Dioxide 

3.  Metallization: 

a)  Type:  Aluminum 

b)  Number  of  Layers:  One 
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FIGURE  Cl.  EXTERNAL  CONSTRUCTION  - P/N  M38510/00303  - 
QUAD  2- INPUT  NAND  BUFFER 


FIGURE  C2 . SCHEMATIC  DIAGRAM  - P/N  M385 10/00303  - QUAD 
2- INPUT  NAND  BUFFER 
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FIGURE  C4.  TYPICAL  SAM-D  CONFIGURATION  - P/N  773428  - QUAD  2-INPUT 
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C5.0  STEP  STRESS  TEST  RESULTS 

A step  stress  was  performed  on  20  parts  configured  in  bias  circuit  1 with  \Iqq  = 
5.0  volts.  The  first  step  was  175°C  and  the  ambient  temperature  was  increased 
25°C  for  each  subsequent  step.  The  duration  of  each  step  was  16  hours.  As  shown 
in  the  Figure  C6  summary,  the  step  stress  test  was  discontinued  following  the 
250°C  step  (at  275°C,  the  parts  would  have  been  in  thermal  runaway)  with  no 
failures  having  been  generated,  thus  verifying  that  the  devices  could  be  safely 
operated  in  bias  circuit  1. 


C6.0  LIFE  TEST  CONDITIONS  AND  RESULTS 

Figure  C6  summarizes  the  life  test  conditions  of  each  cell.  Cells  1,  2,  3 and  4 
were  terminated  at  4000  hours.  Cell  5 remained  in  life  test  for  6000  hours. 
Thirteen  failures  were  generated,  two  in  each  of  Cells  1,  2 and  5,  three  in  Cell  3 
and  four  in  Cell  4.  Table  C3  is  a summary  of  the  life  test  providing  the  cumula- 
tive number  of  failures  at  each  interim  test  time. 


C7.0  FAILURE  ANALYSIS 

A summary  of  the  failure  analysis  results  is  presented  in  Table  C4. 


Bulk  and  Mechanical  Failures  - One  part  exhibited  excessive  I 


IH1 


and  IjH2  at  pin 


12  that  was  traced  to  a degraded  clamp  diode.  The  aluminum  metallization  had 
penetrated  the  junction  because  the  cathode  ohmic  contact  window  was  too  large, 
as  shown  in  Figure  C7.  The  oversized  window  was  caused  by  a photolithographic  or 
etch  error  during  manufacturing. 


One  part  exhibited  an  open  pin  14  that  was  traced  to  a broken  aluminum  ultrasonic 
wire  bond  at  the  gold-plated  lead  frame.  The  bond  had  opened  at  the  heel  and  the 
bond  was  encircled  with  purple  colored  intermetall ic  growth.  This  indicated  that 
the  failure  was  the  result  of  voiding  in  AuAl^.  Optical  examinations  of  unstressed 
parts  and  life  test  parts  that  failed  for  other  reasons  disclosed  that  most  of  the 
life  test  parts  contained  AuAl.-,  around  the  frame  bonds  whereas  the  unstressed 
parts  contained  no  visible  AuAl^-  Because  only  one  failure  due  to  AuAl^  was 
encountered,  no  metallurgical  analysis  was  performed  to  determine  if  the  failure 
was  caused  solely  by  the  test  temperature  or  if  it  involved  any  manufacturing 
deficiency  as  wel 1 . 
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STEP  STRESS  AND  LIFE  TEST  CIRCUIT 
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STEP  STRESS  TEST  - FAILURE  SUMMARY  (20  DEVICES) 
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LIFE  TEST  CONDITIONS 
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CURRENT 
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TJ 
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35 

175 

277 
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0 

0 

0 
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5.0 

21 
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238 
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FIGURE  C6.  STEP  STRESS  RESULTS  AND  LIFE  TEST  CONDITIONS  - P/N  M385 1 0/00303  - 
QUAD  2- INPUT  NAND  BUFFER 
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LIFE  TEST  SUMMARY  - P/N  M385I0/00303  - 
QUAD  2- INPUT  NAND  GATE 
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TABLE  C4.  FAILURE  ANALYSIS  SUMMARY  - P/N  M385 1 0/00303  - 
QUAD  2- INPUT  NAND  GATE 


A.  FAILED  PARAMETER  OR  SYMPTOMS 

B.  FAILURE  MODE 

C.  FAILURE  MECHANISM 

D.  CAUSE  OF  FAILURE 

QUANTITY  OF  FAILURES  AND  TIME  OF  FA1LUR 

(HOURS) 

hs°c 

5V 

4V 

3V 



SV 

CELL  1 

CELL  2 

CELL  3 

CELL  4 

CELL  5 

BULK  AND  MECHANICAL  FAILURES 

A.  EXCESSIVE  I ih 

B.  DEGRADED  PIN  12  CLAMP  DIODE 

C.  ALUMINUM  PENETRATION 

D.  PHOTOLITHOGRAPHIC  OR  ETCHING  ERROR 

10128 

A.  OPEN  PIN  14 

B.  BROKEN  Al-Au  BOND 

C.  VOIDING  IN  AuAl 2 

D.  PROBABLY  EXCESSIVE  TEMPERATURE 

102504 

A.  EXCESSIVE  I CEX 

B.  DEGRADED  COLLECTOR  TO  SUBSTRATE  JUNCTION 

C.  NOT  DETERMINED  (INITIALLY  MARGINAL) 

D.  PROBABLY  A MICRODEFECT  IN  THE  JUNCTION 

1064 

A.  IIL  TOO  LOW 

B.  RESISTIVE  OHMIC  CONTACT 

C.  SILICON  ELECTROMIGRATION 

D.  EXCESSIVE  CURRENT  DENSITY 

104000 

TEST  ERRORS 

A.  EXCESSIVE  I CEX 

B.  C-E  SHORT  IN  THE  OUTPUT  TRANSISTOR 

C.  SECOND  BREAKDOWN 

D.  ELECTRICAL  OVERSTRESS 

101000 

104000 

10512 

204000 

101000 

104000 

A.  EXCESSIVE  I IH 

B.  SHORTED  CLAMP  DIOOE 

C.  FLASH-OVER  SHORT 

D.  ELECTRICAL  OVERSTRESS 

101000 

104000 

TOTAL  NO.  OF  FAILED  PARTS 

2 

2 

3 

4 

2 

MCOOMMFLL  DOUGLAS  4STl70M4UriCS  COMPA/VV  ■ EAST 


Cll 


STORAGE  RELIABILITY 

OF  MISSILE  MATERIEL 


REPORT  MDC  E 1601 

29  APRIL  1977 


One  part  exhibited  excessive  I^x  at  pin  8 traced  to  a degraded  collector- 
substrate  (isolation)  junction  in  the  output  transistor.  The  degradation  was  not 
bake  reversible  and  this  device  exhibited  a marginal  value  of  I^x  at  pin  8 
(213  uA)  upon  receipt,  which  indicated  that  the  leakage  was  caused  by  a bulk 
defect  introduced  during  manufacturing.  Chemical  etching  of  the  junction  did  not 
reveal  the  flaw,  thus  the  exact  failure  mechanism  was  not  established. 

One  part  exhibited  low  IjL  at  pin  2 that  was  traced  to  a resistive  ohmic  contact 
at  the  input  transistor  emitter  diffusion.  Silicon  had  migrated  down  the  aluminum 
stripe  in  the  direction  of  electron  flow  (pin  2 was  grounded  during  life  test) 
and  had  accumulated  in  the  ohmic  contact,  increasing  its  resistance.  Silicon 
migration  is  primarily  dependent  on  the  current  density;  therefore,  this  failure 
did  not  represent  a valid  storage  reliability  problem. 

Test  Errors  - Seven  parts  exhibited  excessive  I^x  traced  to  nonreversi bl e 
collector-emitter  degradation  in  the  output  transistor.  The  transistors  contained 
visible  surface  damage  such  as  burn  marks  on  the  emitter  metallization  fingers. 
Figure  C8,  or  burn  spots  in  the  emitter  ohmic  contacts  as  shown  in  Figure  C9. 
Examinations  of  the  failed  transistors  after  etching  the  silicon  disclosed  no 
lateral  surface  damage,  only  deep  pits  in  the  end  of  the  ohmic  contact  beneath  the 
burn  sites.  This  indicated  that  the  degradation  was  due  to  vertical  collector- 
emitter  melt-throughs.  Examination  of  undamaged  transistors  disclosed  alloy  pits 
in  the  emitter  ohmic  contacts,  as  shown  in  Figure  CIO,  at  the  same  point  where  the 
damage  occurred  in  the  failed  transistors.  The  pits  are  caused  by  silicon 
dissolution  and  aluminum  penetration  into  the  silicon  during  the  aluminum  alloying 
cycle.  The  degraded  transistors  each  failed  abruptly  with  no  sign  of  prior 
degradation.  This,  in  conjunction  with  the  signs  of  overheating  present,  indicated 
that  the  damage  was  caused  primarily  by  electrical  overstress.  The  alloy  pits  in 
the  emitter  ohmic  contacts  probably  reduced  the  ability  of  the  transistors  to 
withstand  electrical  transients. 


Two  parts  displayed  excessive  1^  and  Ij^  traced  to  shorted  clamp  diodes.  The 
diodes  contained  flashover  shorts  as  illustrated  in  Figure  Cll  and  this  damage 
indicated  that  the  diodes  had  been  electrically  overstressed. 
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490X 

FIGURE  C7-  PINS  12  AND  13  INPUT  CLAMP  DIODES  AFTER  METALLIZATION  REMOVAL  SHOWING 
WHERE  THE  OVERSIZED  CONTACT  WINDOW  AT  PIN  12  OVERLAPPED  THE  JUNCTION 
(ARROW)  - p/n  M38510/00303  - QUAD  2- INPUT  NAND  GATE 


250X 

FIGURE  C8.  PIN  8 OUTPUT  TRANSISTOR  SHOWING  BURN  MARK  (ARROW)  ON  THE  EMITTER  METAL 
LIZATION  FINGER  - P/N  M335 1 0/00303  - QUAD  2-INPUT  NAND  GATE 
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247X 

FIGURE  CIO.  NORMAL  PIN  8 OUTPUT  TRANSISTOR  AFTER  REMOVAL  OF  THE  METALLIZATION 
SHOWING  ALLOY  PITS  (ARROWS)  IN  THE  EMITTER  CONTACTS  AT  THE  POINT 
OF  STRIPE  ENTRY  - P/N  M38510/00303  - QUAD  2- INPUT  NAND  GATE 


250X 

FIGURE  C9.  PIN  8 OUTPUT  TRANSISTOR  AFTER  REMOVAL  OF  THE  METALLIZATION  SHOWING 
BURN  MARKS  (ARROWS)  IN  THE  EMITTER  OHMIC  CONTACTS  - P/N  M385IO/ 
00303  - QUAD  2- INPUT  NAND  GATE 
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49  IX 


FIGURE  C11.  PIN  9 AND  10  CLAMP  DIODES  AFTER  SILICON  ETCH  SHOWING  FLASHOVER 
(ARROW)  ON  THE  PIN  9 DIODE  - P/N  M38510/00303  - QUAD  2-INPUT 
NAND  GATE 
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C8.0  DATA  CORRELATION 

Insufficient  failures  were  encountered  in  the  test  program  to  allow  statistical 
failure  distribution  analysis.  The  first  three  failure  mechanisms  identified  in 
Table  C4,  Failure  Analysis  Summary,  are  the  only  ones  applicable  to  a storage 
environment.  These  three  failure  mechanisms  account  for  only  one  failure  each, 
an  amount  inadequate  for  data  analysis.  The  balance  of  the  thirteen  failures  were 
caused  by  electrical  overstress  or  were  test  induced,  and  therefore  were  not 
applicable  for  data  analysis. 


The  parameters  VQL,  ICEX>  V^,  Ij^,  IjH2*  1 jl * ^CCL’  *CCH  were  evaluated  and 
found  to  contain  no  obvious  trends  which  would  allow  extrapolation  of  times  to 
failure.  Three  typical  parameters,  V ^ 


ITtn  and  IT.  are  shown  in  Figure  C12. 
IH1  II 


Test  Cell  5,  225°C,  5 Vdc,  was  operated  an  additional  2000  hours  for  a cumulative 
6000  hours  with  no  additional  failures  and  no  discernible  data  trends. 


C9.0  CONCLUSIONS  AND  RECOMMENDATIONS 

o The  lack  of  accelerated  life  test  failures  indicate  this  part  has  a high 
storage  reliability  potential  UU)MAX  « 10‘10  failures  per  hour), 
o The  parametric  test  data  exhibited  good  stability. 
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250°C,  5 VOLT  TEST  CELL 


FIGURE  C 1 2 . BEHAVIOR  OF  SELECTED  PARAMETERS  DURING  LIFE  TEST 
P/N  M385 10/0030 3 - QUAD  2- INPUT  HAND  GATE 
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P/N  773050 

256  BIT  RANDOM  ACCESS  MEMORY 


TABLE  OF  CONTENTS 


SECTION  PAGE 


D1.0  PART  DESCRIPTION D2 

D2.0  CONSTRUCTION  ANALYSIS  D2 

D3.0  ELECTRICAL  TEST  CRITERIA D2 

D4.0  BIAS  CIRCUIT  ANALYSIS D2 

05. 0 STEP  STRESS  TEST  RESULTS D9 

D6.0  LIFE  TEST  CONDITIONS  AND  RESULTS D9 

D7.0  FAILURE  ANALYSIS  D9 

D8.0  DATA  CORRELATION D28 

D9.0  CONCLUSIONS  AND  RECOMMENDATIONS  D33 


STORAGE  RELIABILITY 

OF  MISSILE  MATERIEL 


REPORT  MDC  E 160 1 
29  APRIL  1977 


D1.0  PART  DESCRIPTION 

The  256  Bit  Random  Access  Memory,  P/N  773050,  is  a 93410  type  monolithic  integrated 
circuit  manufactured  by  Fairchild  Semiconductor  Corporation.  The  devices  were 
packaged  in  a 16  pin  flat  pack  and  included  the  following  date  codes:  7250,  7302, 

7304,  7308  and  7320.  This  test  configuration  is  identical  to  the  SAM-D  use  configuration. 

D2.0  CONSTRUCTION  ANALYSIS 

The  pertinent  construction  details  of  the  test  configuration  part  are  summarized 
in  Table  D1 . Figures  D1 , D2  and  D3  are  the  external  construction,  the  logic  dia- 
gram, and  the  internal  construction,  respectively.  The  material  used  in  this  part 
did  not  restrict  testing  below  300°C. 

The  typical  SAM-D  configuration.  Figure  D4,  utilizes  this  identical  part;  there- 
fore, all  of  the  test  program  device  failures  will  be  applicable  to  the  SAM-D 
configuration  device. 

After  the  start  of  the  life  test  program,  initial  failure  analysis  activities 
revealed  that  the  delivered  test  parts  contained  two  different  die  sizes  and  mask 
designs.  The  7250  date  coded  parts  contained  a "large"  (0.129  in.  x 0.100  in.) 
die,  as  depicted  in  Figure  D4;  the  other  date  coded  parts  contained  a "small" 

(0.079  in.  x 0.097  in.)  die,  as  shown  in  Figure  D3.  The  effect  of  these  two 
different  die  on  the  test  program  is  discussed  in  paragraph  D8.0. 

D3.0  ELECTRICAL  TEST  CRITERIA 

Table  D2  contains  the  electrical  tests  for  this  device  and  includes  all  D.C. 
electrical  tests  specified  in  773050. 

D4.0  BIAS  CIRCUIT  ANALYSIS 

Two  bias  circuits.  Figure  D5,  were  evaluated.  Bias  circuit  1 had  all  inputs  at 
and  bias  circuit  2 had  the  inputs  grounded.  The  Figure  D5  plots  of  device 
current  versus  ambient  temperature,  equal  to  2.25  volts,  show  that  the  bias 
circuit  1 supply  current  was  the  least  through  the  temperature  range  tested. 

Both  bias  circuits  put  the  device  in  the  "not  selected"  mode  and,  consequently, 
the  output  in  the  high  state.  A 12  K«  pull-up  resistor  was  used  to  limit  the 
output  transistor  current  to  less  than  .5  ma. 
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TABLE  Dl.  PART  CONSTRUCTION  DETAILS  - P/N  773050  - 
256  BIT  RANDOM  ACCESS  MEMORY 


A.  IDENTIFICATION 

1.  Part  Name:  256  Bit  Random  Access  Memory  (93410) 

2.  Part  Manufacturer:  Fairchild  Semiconductor  Corporation 

3.  Part  Number:  773050 

4.  Date  Code:  7250,  7302,  7304,  7308,  7320  (see  text) 

B.  PACKAGE 


1.  Type:  16-Lead  Cerami c/Ketal  Flatpack 

2.  Weight:  .506  gram 

3.  Materials: 
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AX 


FIGURE  Dl.  EXTERNAL  CONSTRUCTION  - P/N  773050  - 256  BIT 
RANDOM  ACCESS  MEMORY 
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FIGURE  D2 . LOGIC  DIAGRAM  - P/N  773050  - 256  BIT  RANDOM 
ACCESS  MEMORY 
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INTERNAL  CONSTRUCTION  DETAILS  - P/N  773050 
RANDOM  ACCESS  MEMORY  ("SMALL  DIE") 
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EXTERNAL 


INTERNAL 


DIE  TOPOGRAPHY 


TYPICAL  SAM-D  CONFIGURATION  - P/N  773429  - 256  BIT  RANDOM 
ACCESS  MEMORY  ("LARGE  DIE") 
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Both  bias  circuits  were  suitable  for  the  accelerated  life  test.  Bias  circuit  1 
was  selected  because  its  supply  current  was  less  than  bias  circuit  2.  Maximum 
test  conditions  of  5.25  volts  and  250°C  ambient  temperature  were  tentatively 
selected  and  were  the  conditions  used  in  the  step  stress  test.  A 40ft  current 
limiting  resistor  was  selected  to  preclude  catastrophic  damage  in  the  event  of 
device  failure. 

D5 . 0 STEP  STRESS  TEST  RESULTS 

A step  stress  test  was  performed  on  twenty  devices  utilizing  bias  circuit  1 with 
VC(.  equal  to  5.25  volts.  Four  sixteen  hour  steps.  Figure  D6,  starting  at  175°C 
and  concluding  at  250°C  were  performed.  One  failure  was  observed  after  the  175°C 
step.  An  input  emitter-base  junction  was  found  to  be  shorted  due  to  an  electrical 
overstress  caused  by  either  a tester  transient  or  static  electricity.  No  other 
anomalous  condition  was  observed.  Therefore,  the  test  conditions  were  considered 
acceptable  for  the  accelerated  life  test  program. 

06 . 0 LIFE  TEST  CONDITIONS  AND  RESULTS 

A summary  of  the  life  test  conditions  for  each  cell  is  included  in  Figure  D6  and 
Table  D3  summarizes  the  life  test  results.  All  five  cells  completed  4000  hours 
of  life  test;  Cell  3,  the  zero  volt  cell,  was  allowed  to  continue  to  6000  hours 
but  produced  no  additional  failures.  There  were  94  failures  of  which  23  occurred 
in  each  of  Cells  2 and  5.  There  were  25  failures  in  Cell  1,  one  in  Cell  3,  and 
21  failures  in  Cell  4. 

D7 . 0 FAILURE  ANALYSIS 

Table  D4  is  a summary  of  the  failure  analysis  results. 

Surface  Instability  - Channeled  Input  Clamp  Diode  - Twelve  (12)  parts  in  the  powered 
cells  exhibited  excessive  input  current  high  ranging  from  21  pA  to  83  pA, 

at  one  or  more  input  pins.  In  each  instance  the  failed  input  displayed  a 
channeled  characteristic  between  the  input  and  ground.  Via  die  level  probing 
after  severing  appropriate  metallization  stripes,  the  excessive  leakage  was 
isolated  to  the  input  clamp  diodes.  Figure  D7  illustrates  the  channeled  type 
reverse  characteristics  displayed  by  two  degraded  clamp  diodes  in  one  part.  In 
each  instance  the  excessive  leakage  was  bake  reversible,  indicative  of  a surface  ^ 
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STEP  STRESS  AND  LIFE  TEST  CIRCUIT 


Vcc  = p,n  16 

Cnd  = P#/»  8 

STEP  STRESS  TEST  - FAILURE  SUMMARY  (20  DEVICES) 


AMBIENT  TEMP.  (°C) 

V <v> 

CUMULATIVE  FAILURES 

175 

5.25 

1 

200 

5.25 

1 

225 

5.25 

1 

250 

5.25 

1 

LIFE  TEST  CONDITIONS 


TEST  CELL 
NUMBER 

ta 

AMBIENT 

TEMPERATURE 

(°C) 

^CC 

DEVICE 

VOLTAGE 

(VOLTS) 

*CC 

DEVICE 
CURRENT 
(MI LLI AMPS ) 

PD 

POWER 

DISSIPATION 

(MILLIWATTS) 

tj 

JUNCTION 

TEMPERATURE 

(°c) 

1 

250 

5.25 

47 

247 

266 

2 

250 

3.50 

36 

126 

258 

3 

250 

0 

0 

0 

250 

4 

225 

5.25 

42 

221 

242 

5 

200 

5.25 

44 

231 

— 

219 



FIGURE  D6.  STEP  STRESS  RESULTS  AND  LIFE  TEST  CONDITIONS  - P/N  773050  - 256  BIT 
RANDOM  ACCESS  MEMORY 
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TABLE  D3.  LIFE  TEST  SUMMARY  - P/N  773050  - 
256  BIT  RANDOM  ACCESS  MEMORY 


TEST  CELL  DESCRIPTION 


CUMULATIVE  FAILURES  AT  HOURS  OF  TEST 


APPLIED 

BIAS 


5.25  VDC  250  C 


3.5  VDC  250  C 


3 0 VDC  250°C 


I 


5.25  VDC  225°C 


5.25  VDC  200°C 


2 16  32  6A  128  256  512  1000  2500  AOOO  6000 


5 9 18  25 


3 5 19  23 


I I I I 


.3  10 


H 


*Test  terminated 
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A.  FAILED  PARAMETER 

B.  FAILURE  MODE 

C.  FAILURE  MECHANISM 

D.  CAUSE  OF  FAILURE 

A.  IIH  (INPUT  CHANNELED) 

B.  CHANNELED  CLAMP  DIODE 

C.  DRIFT  OF  MOBILE  IONS 

0.  CONTAMINATION  IN  THE  PASSIVATION 

A.  Ice*  (OUTPUT  CHANNELED) ("LARGE"  DIE  ONLY) 

8.  EXCESSIVE  COLLECTOR  LEAKAGE  DUE  TO  INVERSION  OF  THE  P-TYPE  SUBSTRATE 
C.  CATION  DRIFT 

0.  CONTAMINATION  IN  THE  PASSIVATION 

A.  I ih  (INPUT  SHORTED) 

B.  WIRE-TO-DIE  SHORT 

C.  SAGGING  OF  THE  A1  HIRE 

D.  INSUFFICIENT  INITIAL  CLEARANCE  DUE  TO  MISPLACED  BOND 

A.  Vol  ("LARGE"  DIE  ONLY) 

B.  E-B  DEGRADATION  IN  THE  OUTPUT  TRANSISTOR,  Q1 

C.  ALUMINUM  SPEARING 

D.  HIGH  DISSIPATION  DUE  TO  OUTPUT  STATE  CHANGE 

A.  Itu  (PIN  9 DEGRADED) 

B.  DEGRADED  CLAMP  DIODE 

C.  PROBABLY  A FORM  OF  ALUMINUM  SPEARING 

D.  PROBABLY  A SECONDARY  EFFECT  OF  THE  OUTPUT  STATE  CHANGE 

A.  VOL  (OUTPUT  STUCK  HIGH) 

B.  OPEN  IN  THE  Vcc  STRIPE 

C.  ALUMINUM  ELECTROMIGRATION 

D.  CURRENT  DENSITY  IN  THE  STRIPES 

A.  ICEX  (OUTPUT  STUCK  LOW) 

B.  STRIPE  TO  STRIPE  SHORT 

C.  ALUMINUM  ELECTROMIGRATION 

D.  CURRENT  DENSITY  IN  THE  STRIPES 

A.  I ih  (INPUT  SHORTED) 

B.  SHORTED  INPUT  E-B  JUNCTION 

C.  ELECTRICAL  OVERSTRESS 

0.  TESTER  TRANSIENT  OR  STATIC  ELECTRICITY 

TOTAL  NUMBER  OF  FAILED  PARTS 

(Columns  do  not  add  up  to  the  total  number  of  failed  parts  because 
many  parts  contained  more  than  one  failure  mechanism.) 
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instability  mechanism.  During  life  test,  all  inputs  were  connected  to  V^,  thus 
the  clamp  diodes  were  reverse  biased.  Therefore,  the  degradation  was  attributed 
to  drift  of  mobile  ions  or  charges  in  or  on  the  passivation  under  the  influence 
of  the  reverse  bias. 


Surface  Instability  - Channeled  Output  - Thirty-nine  (39)  parts  in  the  powered 
cells  failed  due  to  excessive  output  cut-off  current  ( I CEX ) ’ ran9^n9  ^rom  51  uA 
to  350  pA.  Each  part  displayed  a channeled  characteristic  from  the  output  to 
ground  as  illustrated  in  Figure  D8.  Via  die  level  probing  and  stripe  severing, 
the  degradation  was  traced  to  leakage  from  the  collector  of  the  output  transistor 
(Ql)  to  the  collector  of  transistor  Q2  as  shown  schematically  in  Figure  D9.  The 
leakage  current  flowed  between  the  collector  tubs  of  Ql  and  Q2  and  the  leakage 
could  be  eliminated  by  baking  the  part  or  removing  the  Si02  passivation.  These 
findings  indicated  that  the  leakage  was  the  result  of  the  formation  of  a channel 
in  the  substrate  due  to  inversion  of  the  p-type  material  as  illustrated  in 
Figure  DIO.  The  inversion  of  the  p-type  silicon  was  caused  by  accumulation  of  a 
net  positive  charge  in  the  Si02  passivation  at  the  silicon/Si02  interface  where 
shown  in  Figure  DIO.  It  is  believed  that  the  accumulation  resulted  from  drift 
of  mobile  cations  in  the  Si02  under  the  metallization  stripe  connecting  the 
emitter  of  Q2  and  the  collector  of  Ql . Only  the  7250  date  coded  parts  exhibited 
this  failure  mechanism.  As  shown  in  Figure  Dll,  in  the  7250  parts  Ql  and  Q2  are 
adjacent  and  the  connecting  stripe  passes  over  the  Si 02  between  their  collector 
tubs.  During  life  test  is  stripe  was  biased  positive  with  respect  to  the 
substrate  (Vgyy  was  high).  Positive  bias  on  this  stripe  would  drive  mobile  cation 
contamination  in  the  Si 0^  to  the  interface  as  illustrated  in  Figure  DIO.  As  shown 
in  Figure  D12,  in  the  73XX  parts  Ql  and  Q2  are  not  adjacent  and  thus  did 
not  exhibit  this  failure  mechanism. 


Wire-to-Die  Shorts  - Three  parts  failed  Ij^  at  an  input  due  to  a high  resistance 
(2  Kfi  to  4 Kft)  short  between  the  input  and  ground.  The  short  was  traced  to  contact 
between  the  internal  aluminum  interconnect  wire  and  the  edge  of  the  substrate 
(ground).  In  each  instance  the  wire  bond  at  the  die  had  been  misplaced  such  that 
the  heel  of  the  bond  was  situated  almost  in  the  scribe  area  as  shown  in  Figure  D13. 
The  bond  placement  plus  the  inherently  shallow  angle  between  the  wire  and  the  die 
of  this  type  of  bond  resulted  in  insufficient  clearance.  In  the  earliest  (4  and 
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HORIZ.  = 2 V OLTS/DIV 
VERT.  = 50  pA/DIV 


FIGURE  D7.  REVERSE  l-V  CHARACTERISTICS  OF  THE  PIN  9 CLAMP  DIODE  (TOP  TRACE) 
AND  THE  PIN  10  CLAMP  DIODE  (BOTTOM  TRACE)  OF  A DEVICE  THAT 
FAILED  I |H  AT  PINS  9 AND  10  - P/N  773050  - 256  BIT  RANDOM  ACCESS 
MEMORY 


HORIZ.  = 0.5  VOLTS/DIV. 
VERT.  = 10  pA/DIV. 


FIGURE  D8.  OUTPUT  (+)  TO  GROUND  l-V  CHARACTERISTICS  OF  A PART  THAT  FAILED  I CEX- 
THE  TOP  TRACE  IS  OUTPUT  TO  GROUND  WITH  ALL  OTHER  PINS  OPEN.  THE 
BOTTOM  TRACE  IS  OUTPUT  TO  GROUND  WITH  THE  DEVICE  BIASED  USING  THE 
CONDITIONS  OF  THE  I CEX  TEST  - P/N  773050  - 256  BIT  RANDOM  ACCESS  MEMORY 
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FIGURE  D9. 


ELECTRICAL  SCHEMATIC  OF  THE  OUTPUT  STAGE  SHOWING  THE  LOCATION 
OF  THE  LEAKAGE  PATH  (ARROW)  THAT  RESULTED  IN  THE  lCEX  FAILURES 
AND  SHOWING  SOME  OF  THE  NODE  VOLTAGES  DURING  THE  lCEX  TEST  - 
P/N  773050  - 256  BIT  RANDOM  ACCESS  MEMORY 


FIGURE  DIO.  CROSS-SECTIONAL  SKETCH  (NOT  TO  SCALE)  OF  Q1  AND  Q2  SHOWING  THE 
INVERSION  LAYER  (INDUCED  CHANNEL)  IN  THE  P-TYPE  SUBSTRATE  AND 
HOW  IT  FORMED  - P/N  773050  - - 256  BIT  RANDOM  ACCESS  MEMORY 
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FIGURE  D 1 1 . 


FIGURE  D 


395X 


OUTPUT  TRANSISTORS  (AFTER  REMOVING  THE  UPPER  LEVEL  METAL)  OF  A 
7250  DATE  CODE  PART  SHOWING  WHERE  THE  STRIPE  INTERCONNECTING 
THE  Q1  COLLECTOR  AND  THE  Q2  EMITTER  PASSES  OVER  THE  INVERTED 
REGION  (ARROW)  - P/N  773050  - 256  BIT  RANDOM  ACCESS  MEMORY 


12.  OUTPUT  STAGE  (AFTER  REMOVING  THE  UPPER  LEVEL  METAL)  OF  A 
7304  DATE  CODE  PART  SHOWING  THE  LOCATION  OF  Q1  AND  Q2  - 
P/N  773050  - 256  BIT  RANDOM  ACCESS  MEMORY 
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12  hour)  failures  the  wire  probably  was  actually  touching  the  die,  but  no  short 
existed  due  to  the  rectifying  nature  of  the  contact  or  due  to  a residual  oxide 
layer.  After  an  exposure  to  high  temperature,  the  barrier  was  penetrated, 
resulting  in  a measurable  short.  In  the  later  (2500  hour)  failure,  the  wire 
probably  was  not  touching  and  required  a period  of  time  and  temperature  to  sag  or 
creep  before  contact  occurred. 

VqL  Failure  - Twenty-nine  (29)  parts  failed  output  voltage  low  (VqL)  traced  to 
degradation  of  the  DC  gain  of  the  output  transistor.  Due  to  low  gain,  the  output 
transistor  would  not  fully  saturate  during  the  Vq^  test  causing  two  ranges  of 
failed  valued  as  illustrated  in  Figure  D14.  Figure  D14  shows  the  output  I-V 
characteristics  of  three  parts  with  the  output  in  the  low  state.  The  superimposed 
horizontal  line  is  the  Vq^  test  current  level  of  16  mA  and  the  vertical  line  is 
the  specified  maximum  Vq^  limit  of  .45  volt.  Trace  1 is  that  of  a normal 
unstressed  part;  Vq^  in  this  instance  is  .34V.  Traces  2 and  3 are  those  of  two 
types  of  VQL  failure.  In  case  2 the  characteristic  intersects  the  16  mA  level  in 
the  linear  region  and,  due  to  the  low  gain,  VgL  is  greater  than  .45V.  Failed 
parts  of  this  type  exhibited  VqL  values  usually  ranging  from  .46  to  .60  volt.  In 
case  3 the  characteristic  saturates  before  the  linear  portion  reaches  16  mA  and 
does  not  intersect  16  mA  until  the  output  avalanches.  Failed  parts  of  this  type 
exhibited  V^L  values  usually  ranging  from  6.2  to  7.6  volts. 

Die  level  probing  established  that  the  gain  of  the  output  transistor  was  usually 
less  than  1 and  that  the  low  gain  was  due  to  degradation  of  the  emitter-base 
junction  of  Q1 . The  emitter  junctions  exhibited  resistive  shorts  ranging  from 
IK  ohm,  as  illustrated  in  Figure  D15,  to  as  low  as  100  ohms.  The  shorts  were 
caused  by  aluminum  spikes  or  "spears"  emanating  from  the  emitter  ohmic  contacts 
as  shown  in  Figures  D16  through  D1 8 . ■ The  emitters  are  "washed"  emitters  and  the 
spears  penetrated  the  vertical  sidewalls  of  the  junction,  causing  the  shorts.  The 
spears  are  the  result  of  dissolution  of  silicon  into  the  aluminum  and  subsequent 
lateral  migration  of  aluminum  into  the  silicon.  This  mechanism  can  be  the  result 
of  localized  power  dissipation.  All  of  these  failures  occurred  in  the  225°C  or 
250°C  powered  cells;  no  such  failure  occurred  in  the  200°C  cell.  Thus,  these 
findings  suggested  that  the  output  state  of  the  failed  parts  may  have  switched 
from  the  intended  off-state  to  an  on-state  (higher  dissipation  level)  at  the 
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200X  (SEM) 


FIGURE  D 1 3 . SEM  PHOTO  OF  A MISPLACED  WIRE  BOND  (AFTER  LIFTING  THE  WIRE 

TO  CLEAR  THE  SHORT)  - P/N  773050  - 256  BIT  RANDOM  ACCESS  MEMORY 


HORIZ.  = 0.2  VOLT/DIV. 
VERT.  = 5 mA/DIV. 


FIGURE  014.  OUTPUT  LOW,  I -V  CHARACTERISTICS  OF  TWO  FAILED  PARTS 
(TRACES  2 AND  3)  AND,  FOR  COMPARISON,  A NORMAL 
UNSTRESSED  PART  (TRACE  I)  - P/N  773050  - 256  BIT 
RANDOM  ACCESS  MEMORY 
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HORIZ.  = 1 VOLT/DIV. 
VERT.  = 2 mA/DIV. 


FIGURE  D 15  - FORWARD  (3RD  QUADRANT)  AND  REVERSE  (1ST  QUADRANT)  I -V  CHARACTER- 
ISTICS OF  THE  EMITTER  BASE  JUNCTION  OF  A Q1  TRANSISTOR  WITH  LOW 
DC  GAIN  - P/N  773050  - 256  BIT  RANDOM  ACCESS  MEMORY 


750X 


FIGURE  D 1 6 . OPTICAL  PHOTO  OF  A Q1  OUTPUT  TRANSISTOR  AFTER  METALLIZATION 
REMOVAL  SHOWING  THE  ALUMINUM  SPEARS  (ARROWS)  IN  THE 
EMITTERS  - P/N  773050  - 256  BIT  RANDOM  ACCESS  MEMORY 
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FIGURE  D 1 7 


FIGURE  D 


lOOOX  (SEM) 

SEM  PHOTO  OF  A Q1  TRANSISTOR  AFTER  OXIDE  REMOVAL  SHOWING  THE 
ALUMINUM  SPEARS  (ARROWS)  PENETRATING  THE  EMITTER  JUNCTIONS  - 
P/N  773050  - 256  BIT  RANDOM  ACCESS  MEMORY 


10.000X  (SEM) 


8.  SEM  CLOSEUP  OF  AN  EMITTER  SPEAR  AFTER  ETCHING  THE  SILICON 
LIGHTLY  TO  SHOW  THE  AMOUNT  OF  DAMAGE  CAUSED  BY  THE  SPEAR  - 
P/N  773050  - 256  BIT  RANDOM  ACCESS  MEMORY 
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higher  temperatures.  To  investigate  this,  plots  of  Vg^  versus  temperature  in 
the  life  test  circuit  were  obtained  for  sample  parts.  This  disclosed  that  the 
parts  do  exhibit  a transition  from  the  high  state  to  a low  state  between  200°C 
and  250°C,  as  illustrated  in  Figure  D19,  which  explains  the  presence  of  the  spear- 
ing mechanism.  Although  Q1  is  physically  the  same  in  both  the  7250  and  the  73XX 
devices,  only  the  7250  date  code  devices  exhibited  this  failure  mechanism. 

Figure  D19  suggests  that  this  may  have  been  due  to  the  fact  that  the  7250  devices 
may  be  more  prone  to  switch  to  a low  state  at  the  higher  temperatures. 


Degraded  Pin  9 Clamp  Diode  - Eight  parts  failed  at  pin  9.  The  failed  values 
ranged  from  117  uA  to  204  uA.  All  other  inputs  of  each  device  displayed  normal 
1^  values.  Each  part  exhibited  exponentially  increasing,  excessive  leakage  from 
pin  9 to  ground  as  illustrated  in  Figure  D20.  Via  die  level  probing,  the  leakage 
was  isolated  to  a degraded  clamp  diode.  The  leakage  was  not  bake  reversible,  but 
microscopic  examinations  and  chemical  etchings  of  defective  diodes  did  not  reveal 
any  bulk  deficiency.  Although  no  visible  evidence  existed,  it  is  believed  that 
degradation  was  caused  by  an  aluminum  migration/penetration  mechanism  similar  to 
that  discussed  in  the  previous  section.  The  pin  9 diode  is  located  near  the 
output  transistor  as  can  be  seen  in  Figure  Dll.  All  but  one  of  these  eight  parts 
failed  Vg^  due  to  aluminum  spearing  caused  by  output  transistor  power  dissipation. 
Thus,  it  is  suspected  that  the  clamp  diodes  degraded  similarly  as  a result  of 
their  proximity  to  the  output  transistor. 


Aluminum  Electromigration  Failures  - Seventeen  (17)parts  failed  VgL  and  10  parts  fail- 
ed IgEX  in  the  powered  cells  during  the  life  test.  The  output  of  the  VUL  failures 
was  stuck  in  the  high  state  and  could  not  be  switched  to  an  on  state.  Consequently, 
the  measured  value  of  Vgg  was  the  avalanche  breakdown  voltage  of  the  output  which 
is  about  6-7  volts.  The  output  of  the  1^  failures  was  stuck  in  the  low  state 
and  could  not  be  switched  to  an  off  state.  Consequently,  the  measured  value  of 
1^  was  approximately  the  maximum  short-circuit  current  of  the  test  supply  which 
is  about  400  mA.  After  curve  tracer  pin-pin  tests  disclosed  no  anomaly,  the  parts 
were  delidded  and  examined.  The.Vgg  and  the  ground  metallization  stripes  of  each 
part  contained  aluminum  electromigration  effects.  The  high  potential  ends  (toward 
which  the  electron  current  flowed)  of  ground  stripes  and  the  Vgg  bond  pad  contained 
hillock  and  whisker  growth  from  accumulation  of  aluminum  as  illustrated  in 
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FIGURE  D1 9-  OUTPUT  VOLTAGE  VS.  AMBIENT  TEMPERATURE  OF  TWO 
SAMPLE  PARTS  (Vcc  = 5-25V,  Rs  = 12K  OHMS)  - 
P/N  773050  - 256  BIT  RANDOM  ACCESS  MEMORY 


HORIZ.  = 0.5  VOLT/DIV. 
VERT.  = 100  pA/DIV. 


FIGURE  D20 . PIN  9 (+)  TO  GROUND  LEAKAGE  DISPLAYED  BY  TWO  PARTS  THAT  FAILED 
I I H (g) . (L/H  TRACE  = S/N  333  WHICH  FAILED  IN  CELL  A AT  AOOO 
HOURS:  R/H  TRACE  = S/N  3k  WHICH  FAILED  IN  CELL  1 AT  2500 
HOURS)  - P/N  773050  - 256  BIT  RANDOM  ACCESS  MEMORY 
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Figures  D21  through  D23.  The  ground  pad  contained  voids  from  depletion  of 
aluminum  as  shown  in  Figure  D24. 

Troubleshooting  of  the  output  stage  (see  Figure  D9)  of  both  VQL  and  ICEX  failures 
disclosed  that  in  each  instance  the  entire  output  stage  functioned  properly  and, 
therefore,  that  the  malfunction  causing  the  outputs  to  stick  high  or  low  was  in  a 
preceding  stage.  Because  no  complete  electrical  schematic  of  the  rest  of  the 
circuit  was  available,  Fairchild  Semiconductor  was  contacted.  It  was  learned  that 
the  schematics  and  component  layout  diagrams  were  proprietary  and  considerable 
time  would  be  involved  in  order  to  obtain  them.  As  an  alternative,  Fairchild 
offered  to  perform  the  troubleshooting  in  their  facilities.  Therefore,  to  avoid 
any  delay  to  the  program,  representative  failed  parts  were  sent  to  Fairchild  for 
analysis.  Fairchild  determined  that  the  stuck  high  (Vq^)  failures  were  caused  by 
open  circuits  in  a V ^ stripe  at  a via  between  an  upper  level  stripe  and  a lower 
level  stripe  as  a result  of  the  electromigration  as  shown  in  Figure  D25.  The 
stuck  low  (I^)  failures  were  caused  by  a short-circuit  between  the  2<}>  reference 
voltage  stripe  and  a lower  level  ground  stripe.  Hillock  or  whisker  growths  in 
the  ground  stripe  punctured  the  insulating  glassivation  layer  and  shorted  to  the 
2<j>  line  as  shown  in  Figure  D26. 


Both  the  VqE  and  the  failures  were  the  result  of  aluminum  electromigration. 

The  damage  was  severe  and  widespread,  which  indicates  that  it  was  caused  primarily 
by  prolonged  exposure  to  elevated  temperature  and  high  current  densities  in  the 
stripes.  Since  the  mechanism  is  current  dependent,  these  failures  were  not  storage 
related.  Therefore,  the  parts  were  not  investigated  further  to  determine  if  any 
anomaly  such  as  excessive  supply  current  or  a metallization  deficiency  may  have 
contributed  to  the  failures. 


Shorted  Inputs  - Six  parts  exhibited  excessive  IjH  at  a pin  traced  to  an  emitter- 
base  short  in  the  input  transistor.  Each  transistor  contained  a small  damage  site 
(melted  silicon-aluminum)  on  the  emitter  junction,  as  illustrated  in  Figure  D27. 
The  damage  is  characteristic  of  electrical  overstress  due  to  a static  discharge  or 
voltage  transient.  The  input  emitters  are  "washed"  emitters  and,  therefore,  would 
tend  to  be  susceptible  to  transients. 
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3500X  (SEM) 

FIGURE  D23 . SEM  PHOTO  OF  A HILLOCK  (ARROW)  AT  THE  END  OF  A LOWER  LEVEL  GROUND 
STRIPE  THAT  PROTRUDED  THROUGH  THE  INSULATION  LAYER  - P/N  773050  - 
256  BIT  RANDOM  ACCESS  MEMORY 


bOO  (SEM) 


FIGURE  D24.  SEM  PHOTO  OF  THE  GROUND  PAD  SHOWING  VOIDS  IN  THE  PAD  (A) 
AND  DEPLETION  OF  ALUMINUM  (B)  FROM  THE  BOND  FOOT  - 
P/N  773050  - 256  BIT  RANDOM  ACCESS  MEMORY 
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AAOX  (SEM)  (COURTESY  OF  FAIRCHILD  SEMICONDUCTOR) 

FIGURE  D25.  SEM  PHOTO  OF  VOIDS  (ARROWS)  IN  THE  UPPER  VCC  STRIPE 
AT  THE  VI  AS  - P/N  773050  - 256  BIT  RANDOM  ACCESS 
MEMORY 


6jOX  (SEM)  (COURTESY  OF  FAIRCHILD  SEMICONDUCTOR) 

FIGURE  D26.  SEM  PHOTO  OF  THE  2<j>  REFERENCE  VOLTAGE  STRIPE  SHOWING  WHERE  A HILLOCK 
IN  THE  LOWER  LEVEL  GROUND  STRIPE  SHORTED  TO  THE  2*  LINE  (ARROW)  - 
P/N  773050  - 256  BIT  RANDOM  ACCESS  MEMORY 
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FIGURE  D27.  PIN  10  INPUT  TRANSISTOR  AFTER  5 SECOND  SILICON  ETCH 
SHOWING  THE  DAMAGE  SITE  (ARROW)  ON  THE  EMITTER-BASE 
JUNCTION  - P/N  773050  - 256  BIT  RANDOM  ACCESS  MEMORY 
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D8 . 0 DATA  CORRELATION 

The  delivered  test  samples  included  two  different  integrated  circuit  dice  and  five  ' 
date  codes  (7250,  7302,  7304,  7308,  and  7320).  The  7250  date  codes  had  the  "large" 
die  shown  in  Figure  D4.  The  73XX  date  codes  had  the  "small"  die  shown  in 
Figure  D3.  This  nonhomogeneity  of  parts  was  recognized  after  the  start  of  the 
accelerated  life  tests.  Coordination  with  MIC0M  resulted  in  the  decision  to 
continue  the  test  program  with  the  delivered  parts  and  to  analyze  the  data  in 
homogeneous  groups  where  possible.  Sixty-one  percent  of  the  life  test  parts  were 
the  "large"  die  configuation. 

The  Table  D4  failure  analysis  summary  reveals  a large  number  of  failures  attributed 
to  the  following  failure  mechanisms. 

o Drift  of  mobile  ions  in  the  thermal  oxide 
o Cation  drift 
o Aluminum  spearing 
o Aluminum  electromigration 
o Electrical  overstress 
o Sagging  of  aluminum  wire. 

The  electrical  overst«-ess  is  not  applicable  for  data  analysis  and  the  three 
failures  attributed  to  the  sagging  aluminum  wire  are  insufficient  for  analysis. 

Each  of  the  remaining  failure  mechanisms  will  be  discussed  below  for  applicability 
for  data  analysis. 

Drift  of  Mobile  Ions  in  the  Thermal  Oxide  - The  12  failures  attributed  to  this 
mechanism  were  equally  divided  between  the  large  and  small  dice  and  the  failures 
were  distributed  among  the  four  powered  test  cells.  The  resultant  distribution  of 
failures  was  insufficient  for  data  analysis. 

Cation  Drift  - The  39  failures  attributed  to  this  mechanism  occurred  in  the  large 
dice  only.  The  failures  were  distributed  among  the  four  powered  test  cells  with 
Cell  5,  the  lowest  temperature  test  cell  (200°C),  experiencing  19  failures.  The 
Cell  5 data  is  adequate  for  analysis  but  the  other  cells  are  not,  because  of  an 
output  state  change  which  is  discussed  in  the  following  paragraphs. 
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The  cation  drift  mechanism  appeared  only  in  those  test  cells  having  an  applied 
bias,  but  insufficient  data  is  available  in  Cells  1 and  2 to  establish  if  an 
Eyring  model  voltage  sensitivity  exists. 

Aluminum  Spearing  - Thirty-seven  (37)  failures  were  attributed  to  aluminum  spear- 
ing, a condition  caused  by  localized  overheating.  All  failures  were  attributed  to 
the  large  dice  and  occurred  in  all  powered  cells  excepting  Cell  5 (200°C).  The 
localized  overheating  is  attributed  to  a change  in  the  output  state  (higher 
dissipation  level)  at  temperatures  above  225°C.  These  failures  are  considered 
nonappl icable  for  data  analysis  purposes  because  the  failures  were  induced  by  the 
change  in  output  state  and  subsequent  heating. 

Aluminum  Electromigration  - Twenty-seven  (27)  failures  were  attributed  to  aluminum 
electromigration,  a condition  which  occurred  in  all  the  powered  test  cells  and  in 
both  the  large  and  small  dice.  The  majority  of  these  failures  occurred  late  in 
test  and  were  not  considered  applicable  for  a storage  environment  analysis  because 
they  were  current  density  induced. 

The  data  available  for  analysis  has  been  significantly  reduced  by  the  presence  of 
two  different  integrated  circuit  dice,  the  occurrence  of  the  aluminum  electro- 
migration  and  spearing  failure  mechanisms,  and  the  output  state  change  which  was 
encountered  by  the  biased  test  cells  operating  at  temperatures  of  225°C  and  above. 
The  net  effect  of  these  various  factors  is  to  reduce  the  quantity  of  applicable 
data  for  analysis.  This  results  in  Cell  5 (200°C,  5.25  volts)  being  the  only  cell 
having  sufficient  data  for  analysis. 

Since  these  failures  were  induced  under  an  applied  bias  life  test,  the  analysis 
results  will  be  conservative  when  applied  to  a zero  volt  condition.  The  applicable 
failures  for  data  analysis  are  summarized  in  Table  D5.  Only  Cell  5 has  sufficient 
data  for  analysis  and  the  cumulative  failure  distribution  is  shown  in  Figure  D28. 
The  "S"  shaped  curve  is  typical  for  a bimodal  lognormal  distribution,  and  the 
resultant  "freak"  and  "main"  populations  are  included.  The  lack  of  data  at 
another  temperature  precludes  the  calculation  of  an  activation  energy  and  the 
subsequent  solution  to  the  Arrhenius  equation.  However,  a likely  range  of 
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TABLE  D5.  APPLICABLE  FAILURES  FOR  DATA  ANALYSIS  - 

P/N  773050  - 256  BIT  RANDOM  ACCESS  MEMORY 


A. 

FAILED  PARAMETER 

QUANTITY  OF  FAILURES  AND  TIME  OF  FAILURE  (HOURS) 

B. 

FAILURE  MODE 

250°C 

225°C 

200°C 

C. 

FAILURE  MECHANISM 

5.25V 

3.5V 

OV 

5.25V 

5.25V 

0. 

CAUSE  OF  FAILURE 

CELL  1 

CELL  2 

CELL  3 

CELL  4 

CELL  5 

A. 

JCEX  (°UTPUT  CHANNELED) 

10256 

202500 

10512 

20256 

B. 

EXCESSIVE  COLLECTOR  LEAKAGE  DUE  TO 

101000 

101000 

60512 

INVERSION  OF  THE  P-TYPE  SUBSTRATE 

102500 

102500 

301000 

C. 

CATION  DRIFT 

802500 

D. 

CATION  CONTAMINATION 

TOTAL  NUMBER  OF  FAILED  PARTS 

3 

- 

2 

0 

3 

19 

I# 

; 


TIME 
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figure  028.  cell  5 cumulative  failure  distribution  - 

P/N  773050  - 256  BIT  RANDOM  ACCESS  MEMORY 
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activation  energies  for  the  "freak"  population  is  0.5  to  1.0  eV  and  the  "main" 
population  is  1.0  to  2.0  eV.  The  smallest  activation  energy  represents  the  worst 
case  situation  so  the  following  Arrhenius  equations  were  developed  using  the 
minimum  values  of  activation  energy: 


In  t (50%) freak  - -5.85763  + kj 
■ -,6-'4423  4 


Failure  rates  were  calculated  using  the  following  relationship  and  the  lognormal 
failure  distribution: 


*(t) 


X^freak 


1 

. E" 

2 

t + 5.85763  - 0.5(j-jr)] 

t CAH 

2(0. 39)2 

(1 

exp  - 

[in  t1  + 5.85763  - 0 . 5 ( 

2 - 

't1' 

2(0. 39)2 

x(t) 


t exp  ‘ 


In 


t + 16.14423 


-4] 


main 


2(0.383)' 


I: 


exp 


[in  t* 


-i  21 


+ 16.14423  - 
2(0. 383)2 


dt 1 


^>Total  - A(t)freak  X <°-417>  + ^>main  <°'583) 

The  maximum  instantaneous  failure  rate  in  the  storage  environment,  x ( ^ ) MAX ’ 

is  calculated  to  be  4.3368  x 10  8 failures  per  hour  and  is  contributed  entirely 

to  the  freak  distribution.  Elimination  of  the  freak  population  by  screening 

_ 1 8 

would  reduce  the  failure  rate  to  1.787  x 10  failures/hour.  Since  these  failure 

rates  are  for  a voltage  condition,  the  storage  failure  rate  is  expected  to  be 
significantly  smaller. 
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D9.0  CONCLUSIONS  AND  RECOMMENDATIONS 

o The  test  program  could  not  yield  the  desired  results  because  of  the 

presence  of  two  different  integrated  circuit  dice  in  the  test  sample  and 
the  subsequent  occurrence  of  nonappl icabl e test  failures.  These 
combined  to  reduce  significantly  the  data  available  for  a complete 
failure  rate  analysis. 

o One  test  cell  (Cell  5,  200°C,  5.25  volts)  provided  sufficient  data  for 
analysis.  Assumptions  regarding  activation  energies  allowed  calcula- 
tion of  conservative  estimates  of  operational  and  storage  reliability, 
o The  presence  of  a "freak"  and  a "main"  distribution  in  the  Cell  5 
population  indicates  a preconditioning  screen  to  eliminate  the  "freak" 
population  would  improve  both  the  operational  and  storage  failure  rates. 
The  lack  of  test  defined  activation  energies  precludes  detailed 
quantification  of  the  failure  rate  improvements, 
o Since  two  different  integrated  circuit  dice  were  included  in  the  test 
samples,  additional  testing  is  recommended  on  each  die,  if  both  are 
intended  for  SAM-D  use. 
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El .0  PART  DLSCRI PTION 

The  60  Gate  Raypack  Chip,  P/N  785072,  is  a logic  array  utilizing  medium  scale 
integration  and  beam  lead  construction.  The  die  was  manufactured  by  Raytheon 
Company,  Semiconductor  Division  and  procured  by  Raytheon  Missile  Systems  Division. 

The  dice  were  beam  lead  mounteu  to  ceramic  substrates.  The  substrates  were  then 
mounted  in  50-pin  plug-in  packages  manufactured  by  Isotronics  Inc. 

E2.0  CONSTRUCTION  ANALYSIS 

The  pertinent  physical  details  of  this  test  configuration  part  are  summarized  in 
Table  El.  The  plug-in  package  utilized  for  this  test  device  was  a metal  container 
of  monolithic  construction  with  a lid  which  was  welded  to  the  package.  The  lid 
and  package  are  gold-plated.  A glass  seal  at  each  pin  and  the  weld  seal  at  the 
lid  provided  a hermetic  package  suitable  for  life  testing.  The  package  is 
pictured  in  Figure  El  and  a logic  diagram  is  provided  in  Figure  E2. 

Internally,  this  device  is  of  a nonstandard  construction  established  specifically 
for  this  test  program  (Figure  E3).  The  die  is  beam  lead  bonded  to  a ceramic  sub- 
strate which  is  attached  to  the  bottom  of  the  50-pin  plug-in  package  by  means  of 
a gold  eutectic  bond.  Interconnections  between  the  gold-plated  nail  head  post 
of  the  plug-in  package  and  the  gold  conductors  on  the  ceramic  substrate  are  made 
using  .002  inch  gold  wire.  Thermocompression  bonds  are  used  to  attach  the  gold  inter- 
connection wires.  The  materials  and  the  method  of  construction  used  for  the  test 
configuration  of  this  device  were  not  expected  to  dictate  any  limitations  to  the 
life  test  of  this  part. 

The  part  is  pictured  in  Figure  E4  in  typical  SAM-D  mounting  configuration.  The 
die  is  beam  lead  mounted  to  a substrate.  A ceramic  cover  is  attached  to  the  sub- 
strate using  a polymer  preform.  The  substrate  of  this  device  and  the  substrate 
of  the  test  part  are  different.  Because  of  this  fact,  failures  due  to  faults  in 
the  substrate  were  not  considered  applicable  to  the  SAM-D  configuration. 

Obviously,  failures  due  to  the  interconnecting  wire  of  the  test  part  were  not 
considered  as  applicable  to  the  SAM-D  configuration  part.  In  general,  die  failures 
and  possible  beam  lead  bond  failures  were  considered  to  be  applicable  failures  but 
each  failure  was  considered  during  failure  analysis  as  to  its  applicability  to  the 
SAM-D  configuration. 
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TABLE  El.  PART  CONSTRUCTION  DETAILS  - P/N  785072  - 
60  GATE  RAYPACK  CHIP 


A.  IDENTIFICATION 

1.  Part  Name:  60  Gate  Raypack  Chip 

2.  Part  Manufacturer:  Raytheon  Co.,  Semiconductor  Div. 

3.  Part  Number:  785072 

4.  Date  Code:  None 

B.  PACKAGE 

1.  Type:  50-Pin  Metal  Plug-In  Package 

2.  Weight:  22.5  grams 

3.  Materials: 

a)  Lid:  Kovar,  gold-plated 

b)  Leads:  Kovar,  gold-plated 

c)  Lid  Sea  1 : Weld 

C.  INTERNAL  GEOMETRY 

1.  Interconnections: 

a)  Type:  The  beam  leads  of  the  chip  are  bonded  to  gold  conductors 

deposited  on  a ceramic  substrate  which  in  turn  is  attached 
to  the  gold-plated  Kovar  package.  The  gold  conductors  are 
connected  to  the  nail  head  posts  of  the  package  using  .002  inch 
gold  wi re. 

b)  Bonds: 

a)  Gold-gold  thermocompression  ball  bond  at  the  gold  conductor 

b)  Gold-gold  thermocompression  wedge  bond  at  the  nail  head  post 

2.  Die: 

a)  Type:  Silicon,  planar  (Beam  Lead) 

b)  Scribe  Method:  Etch 

c)  Dimensions:  0.132  inch  x 0.088  inch 

d)  Passivation:  Silicon  Nitride  over  Silicon  Dioxide 

3.  Metallization: 

a)  Type:  Gold/Titanium/Platinum 

b)  Number  of  Layers:  One 
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FIGURE  El  . 


FIGURE 
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VIEW  WITH  LID  REMOVED 


DIE  TOPOGRAPHY 


FIGURE  E3-  INTERNAL  CONSTRUCTION  DETAILS  - P/N  786072  - 60  GATE  RAYPACK  CHIP 
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EXTERNAL 


INTERNAL 


DIE  MOUNTED  IN  SAM-D  CONFIGURATION 


FIGURE  EA.  TYPICAL  SAM-D  CONFIGURATION  - P/N  773AA8  - 60  GATE  RAYPACK  CHIP 
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E 3 . 0 ELECTRICAL  TEST  CRITERIA 

The  electrical  measurements  used  to  examine  this  device  were  the  parametric  tests 
plus  the  logic  function  tests  defined  in  785072.  Table  E2  lists  the  parametric 
tests,  conditions  of  the  test,  and  the  test  limits.  Those  parameters  which  are 
input  tests  are  performed  on  all  of  the  inputs  and  the  output  tests  are  performed 
on  all  outputs.  All  of  the  inputs  and  outputs  do  not  have  the  same  unit  load 
factor;  therefore,  the  test  limits  are  expressed  in  terms  of  unit  load  factors. 
Table  E3  provides  a list  of  all  the  inputs  by  their  pin  numbers  and  their  corre- 
sponding unit  load  factor  and  the  same  kind  of  list  for  the  outputs.  The  parts 
were  also  tested  for  their  compliance  to  the  logic  function  data  specified  in 
785072. 

Several  parts  failed  initial  electrical  tests  due  to  loose  substrates,  but  no 
further  failures  of  this  nature  were  encountered  in  the  test  program. 

E4.0  BIAS  CIRCUIT  ANALYSIS 

The  first  bias  circuit  examined  for  this  device,  designated  bias  circuit  1,  had 
all  of  the  inputs  connected  to  5.0  volts.  With  the  data  obtained  from  this  bias 
circuit  as  a base,  other  bias  circuits  were  examined  to  determine  if  they  required 
more  or  less  supply  current  with  increasing  ambient  temperature.  Bias  circuit  2, 
with  5.0  volts  applied  to  and  open  inputs  and  outputs,  required  less  supply 
current  than  bias  circuit  1,  as  shown  in  Figure  E5. 

Several  other  bias  circuits,  including  one  with  all  of  the  inputs  grounded, 

required  more  supply  current  than  bias  circuits  1 and  2 at  high  ambient  tempera- 

tures. Therefore,  these  two  bias  circuits  were  the  prime  life  test  circuit 
candidates.  Because  bias  circuit  1 had  a voltage  applied  to  the  inputs,  it 
provided  more  reverse  biased  junctions  than  bias  circuit  2 and  was,  therefore, 

selected  to  be  the  candidate  life  test  circuit.  A maximum  ambient  temperature  of 

225°C  was  selected  for  the  life  test  and  the  maximum  selected  was  5.0  volts. 

E5.0  STEP  STRESS  TEST  RESULTS 


The  step  stress  test  format  was  modified  for  this  device  to  perform  sequential 
testing  on  two  groups  of  10  parts  each.  The  step  stress  test  consisted  of  three 
16-hour  steps  at  ambient  temperatures  of  175°C,  200°C  and  225°C.  Vcc  was  5.0  volts. 
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TABLE  E3.  INPUT  AND  OUTPUT  UNIT  LOADS  - P/N  785072  - 
60  GATE  RAYPACK  CHIP 


INPUTS 


PIN  NO. 

UNIT  LOA^ 

PIN  NO. 

UNIT  LOA^ 

2 

1 

20 

1 

3 

1 

22 

1 

A 

2 

23 

l 

5 

A 

2A 

1 

6 

A 

25 

1 

7 

1 

26 

1 

8 

1 

32 

1 

9 

1 

3A 

1 

10 

1 

A3 

1 

n 

A 

AA 

1 

12 

3 

A5 

1 

13 

1 

A6 

1 

1^ 

1 

A7 

1 

17 

1 

A8 

18 

1 

A9 

1 

19 

_ 1 ... 

50 

A 

OUTPUTS 


PIN  NO. 

UNIT  LOAD^ 

1 

8 

15 

10 

16 

9 

21 

8 

27 

10 

31 

10 

33 

8 

35 

10 

39 

10 

A0' 

10 

Al 

10 

42 

- 

8 

A Reference  Table  E2  for  definition  of  unit  load. 
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As  shown  in  Figure  E6  the  first  ten  devices  experienced  no  failures.  It  was  then 
decided  that  the  step  stress  test  objective  (to  verify  that  operating  the  device 
in  bias  circuit  1 at  the  desired  life  test  temperatures  was  nondestructive)  had 
been  obtained.  Therefore,  the  second  group  of  ten  parts  was  not  subjected  to  a 
step  stress  test  and  was  kept  for  life  test  spares. 

E6 . 0 LIFE  TEST  CONDITIONS  AND  RESULTS 

Figure  E6  contains  a summary  of  the  life  test  conditions  for  each  cell.  The 
accelerated  life  test  reached  4000  hours  and  produced  five  failures,  three  in 
Cell  1,  one  each  in  Cells  3 and  5,  and  zero  in  Cells  2 and  4.  Table  E4  summarizes 
the  accelerated  life  tests  showing  the  cumulative  failures  at  each  interim  test 
time. 

E7.0  FAILURE  ANALYSIS 

The  failure  analysis  summary  results  are  provided  in  Table  E5. 

Mechanical  Failures  - Two  parts  failed  due  to  open  pins  that  were  traced  to  open 
wire  bonds.  The  part  that  failed  at  64  hours  in  Cell  1 contained  a lifted  gold 
ball  bond  at  the  pin  40  gold  substrate  conductor.  The  separation  occurred  at  the 
Au-Au  interface,  indicating  that  conductor  surface  had  not  been  cleaned  properly 
or  that  the  bonding  temperature  was  too  low.  The  part  that  failed  at  152  hours 
in  Cell  5 contained  a cracked  Au-Au  wedge  bond  at  the  pin  35  package  terminal.  The 
bond  cracked  at  the  heel,  indicating  that  it  had  been  damaged  by  excessive  tool 
force.  One  part  failed  at  4 hours  in  Cell  3 due  to  a short-circuit  between  pin  27 
(output)  and  pin  28  (ground).  The  short  was  traced  to  smeared  gold  metal  bridging 
across  the  pins  27  and  28  substrate  conductors  as  shown  in  Figure  E7.  The  smear 
was  caused  by  scratch  damage  inflicted  during  manufacturing  or  assembly. 

Functional  Failure  - One  part  failed  the  functional  test  at  256  hours  in  Cell  1. 

The  part  passed  all  parametric  tests  but  would  not  function  in  accordance  with  the 
truth  table.  The  part  was  left  on  test  through  4000  hours  and  its  failure 
symptoms  remained  constant.  Curve  tracer  tests  did  not  disclose  any  discrepancy 
and  microscopic  examinations  of  the  die  after  delidding  disclosed  no  anomaly. 
Because  this  was  a single,  isolated  failure  and  due  to  the  complexity  of  the 
circuit,  no  further  investigation  was  performed.  Consequently,  the  cause  of 
failure  was  not  established. 
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STEP  STRESS  AND  LIFE  TEST  CIRCUIT 


STEP  STRESS  TEST  - FAILURE  SUMMARY  (10  DEVICES) 
AMBIENT  TEMP  (°C)  Vr.  (V)|  CUMULATIVE  FAILURES 


LIFE  TEST  CONDITIONS 


TEST  CELL 
NUMBER 


Ta 

AMBIENT 

TEMPERATURE 

(°c) 

Vqq 

DEVICE 

VOLTAGE 

(VOLTS) 

1 CC 

DEVICE 
CURRENT 
(Ml L L 1 AMPS ) 

225 

5.0 

210 

225 

3.5 

100 

225 

0 

0 

200 

5.0 

128 

175 

5.0 

116 

POWER 


~J 

JUNCTION 


DISSIPATION  TEMPERATURE 
(MILLIWATTS)  (°C) 


FIGURE  Eb . STEP  STRESS  RESULTS  AND  LIFE  TEST  CONDITIONS 
P/N  785072  - 60  GATE  RAYPACK  CHIP 


MCOOMIVELL  DOUGLAS  ASTRORAL/TLCS  COMPAAII'  - EAST 


STORAGE  RELIABILITY 

OF  MISSILE  MATERIEL 


REPORT  MDC  E 1601 

29  APRIL  1977 


1 


TABLE  E4.  LIFE  TEST  SUMMARY  - P/N  785072  - 
60  GATE  RAYPACK  CHIP 


TEST 

CELL  DESCRIPTION 

CUMULATIVE 

FAILURES 

AT  HOURS 

OF  TEST 

CELL 

NO 

APPLIED 

BIAS 

AMBIENT 

TEMP 

QUANTITY 

A 

8 

16 

32 

66 

152 

256 

512 

1000 

2500 

6000 

1 

5.0  VDC 

225°C 

30 

0 

0 

0 

0 

1 

2 

3 

3 

3 

3 

3* 

2 

3-5  VDC 

2 25°C 

30 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0* 

3 

0 VDC 

225°C 

30 

t 

1 

1 

l 

1 

1 

1 

1 

1 

1 

1* 

6 

5.0  VDC 

200°C 

30 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0* 

5 

5.0  VDC 

1 75°C 

30 

0 

0 

0 

0 

0 

1 

1 

1 

1 

' 

1* 

* TEST  TERMINATED 


TABLE  E5.  FAILURE  ANALYSIS  SUMMARY  - P/N  785072  - 
60  GATE  RAYPACK  CHIP 


A. 

FAILED  PARAMETERS  OR  SYMPTOMS 

QUANTITY  OF  FAILURES 
FAILURE  (HOURS) 

AND  TIME  OF 

B. 

FAILURE  MODE 

225°C 

200°C 

1 75°C 

C. 

FAILURE  MECHANISM 

5.0V 

3.5V 

0 V 

5.0W 

5.0V 

D. 

CAUSE  OF  FAILURE 

CELL  1 

CELL  2 

CELL  3 

CELL  6 

CELL  5 

A. 

OPEN  PIN 

1866 

18152 

u. 

cd 

B. 

OPEN  Au-Au  WIRE  BOND 

I 

C. 

DEFECTIVE  BONDS 

< 

u 

D. 

BONDING  ERRORS 

< 

A. 

SHORTED  PINS 

186 

Z 

B. 

GOLD  METAL  BRIDGING  TWO  CONDUCTORS 

u 

C. 

SMEARED  METAL 

r 

D. 

WORKMANSHIP  DAMAGE 

* c 

UJ  u. 
Q S 

z — 

Z3  U. 

A. 

B. 

FUNCTIONAL  TEST 

C.  t D.  NOT  DETERMINED 

18256 

A. 

OPEN  PIN 

18152 

CL 

►—  a 

i/i  a 

B. 

CRACKED  TEST  CARD  SOLDER  JOINT 

UJ  CL 

F—  u. 

C. 

MECHANICAL  OVERSTRESS 

D. 

MISHANDLING 

TOTAL  NUMBER  OF  FAILED  PARTS 

3 

0 

1 

0 

1 

200X 

FIGURE  E7.  SMEAR  OF  GOLD  THAT  SHORT-CIRCUITED  THE  PINS  27  AND  28  CONDUCTORS 
P/N  785072  - 60  GATE  RAVPACK  CHIP 
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Test  Error  - One  part  failed  due  to  an  open  pin  that  was  not  confirmed  during 
bench  testing.  Subsequent  investigation  established  that  the  open  was  caused  by 
a cracked  solder  joint  on  the  test  card. 


E8 . 0 DATA  CORRELATION 

The  Table  E5  Failure  Analysis  Summary  identifies  only  one  failure,  the  functional 
test  failure  in  Cell  1 at  256  hours,  considered  applicable  for  a SAM-D  configura- 
tion part  in  a storage  environment.  The  other  four  failures  are  mechanical  in 
origin  and  attributable  to  the  interface  necessary  to  test  the  part.  Since  the 
one  failure  is  inadequate  for  failure  distribution  analysis,  the  parameters,  IJL, 

*IH’  ^IH’  *0L’  *0H’  *0S’  an<^  *CC’  were  investi 9ated  f°r  obvious  trends.  Four  of 
these  parameters  are  plotted  in  Figure  E8  and  show  no  obvious  trends,  a response 
typical  of  all  the  parameters.  The  parameter  IjH  shows  an  increase  for  the  last 
four  measurement  points  but  the  percent  change  is  very  small  and  the  absolute 
values  are  very  far  from  the  failure  limits  (average  value  at  4000  hours  was 
17.5  pA,  failure  limit  is  100  yA).  The  increase  was  considered  not  well  defined 
enough  for  extrapolation  purposes. 


The  lack  of  failures  and  the  absence  of  obvious  parametric  degradation  trends 

indicates  the  test  device  has  a high  storaqe  reliability  (x(t)  <<  10'IU 

. MAX 

failures  per  hour). 


E9.0  CONCLUSIONS  AND  RECOMMENDATIONS 

o The  test  device  experienced  only  one  failure  during  the  accelerated  life 
test  and  demonstrated  good  parameter  stability, 
o The  lack  of  test  failures  or  extrapolated  failure  times  precludes  the 
calculation  of  a storage  failure  rate;  however,  these  results  would 
indicate  that  the  test  device  has  a high  storage  reliability 

A^MAX  <<  ^ failures  per  hour). 
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FIGURE  E8. 


BEHAVIOR  OF  SELECTED  PARAMETERS  DURING  LIFE  TEST  - 
P/N  785072  - 60  GATE  RAYPACK  CHIP 
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FI .0  PART  DESCRIPTION 
The  Operational  Amplifier,  P/N  772926,  an  LM1 01 A generic  type  device,  is  a beam 
lead  monolithic  integrated  circuit  intended  for  hybrid  circuit  application.  The 
beam  lead  dice,  manufactured  by  the  Raytheon  Company,  Semiconductor  Division, 
were  procured  by  Raytheon  Missile  Systems  Division  and  specially  packaged  in  a 
hermetic  16  pin  dual-in-line  package  (DIP)  for  the  storage  reliability  test 
program. 

This  device  and  P/N  772921  (Appendix  A)  are  identically  packaged.  The  microcracks 

observed  in  the  P/N  772921  DIP  packages  were  also  observed  in  the  operational 

amplifier  DIP  packages.  Appendix  A,  paragraph  A1.0  discusses  the  microcracks  and 
the  hermeticity  evaluation  (Table  A1 ) to  which  this  part  was  subjected.  Figure  A1 
(Appendix  A)  is  a photograph  of  a package  with  microcracks. 

The  results  of  the  hermeticity  evaluation  indicated  that  loss  of  hermeticity  could 
be  expected  to  occur  during  the  test  program.  However,  the  lack  of  suitable 
replacement  parts  resulted  in  the  decision  to  use  this  lot  of  parts  in  the 

accelerated  life  test.  It  should  be  pointed  out  that  none  of  the  failures  which 

were  generated  during  the  accelerated  life  test  could  be  associated  with  a 
package  hermeticity  problem. 

F2.0  CONSTRUCTION  ANALYSIS 

Table  FI  summarizes  the  physical  details  of  the  test  configuration  device,  while 
Figure  FI  provides  schematic  and  functional  diagrams.  Figures  F2  and  F3  are 
photographs  of  the  external  and  internal  construction.  This  device  contains  no 
materials  which  would  restrict  testing  below  300°C. 

The  typical  SAM-D  configuration.  Figure  F4,  has  the  die  beam  lead  bonded  to  gold- 
plated  metallization  deposited  on  a ceramic  substrate  in  the  same  manner  that  the 
life  test  die  is  mounted  in  the  DIP. 
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TABLE  FI.  PART  CONSTRUCTION  DETAILS  - P/N  772926  - 
OPERATIONAL  AMPLIFIER 


A.  IDENTIFICATION 


1 . 

Part  Name:  Operational  Amplifier  (LM101A) 

2. 

Part  Manufacturer:  Raytheon  Co.,  Semiconductor  Div 

3. 

Part  Number:  772926 

4. 

Date  Code:  None 

PACKAGE 

1 . 

Type:  16-Pin  Ceramic  Dual  In-Line  Package  (Drawing 

No. 

757438) 

2. 

Weight:  1.24  grams 

3. 

Materi als: 

a)  Lid:  Kovar,  gold  plated 

b)  Leads:  Gold-plated  Kovar  which  is  braze  welded 

to 

a refractory 

metal  feedthru.  The  refractory  metal  is  gold-plated 

in  the  internal  area  of  the  package. 

c)  Seals:  The  lid  is  brazed  to  the  lid  frame  and 

the 

seal  around 

the  leads  is  fired  ceramic. 

C.  INTERNAL  GEOMETRY 


1.  Interconnections:  Beam  leads  bonded  to  gold-plated  refractory 

metal  conductors. 


2 . Die : 

a)  Type:  Silicon,  planar  (Beam  Lead) 

b)  Scribe  Method:  Etch 

c)  Die  Dimensions:  0.057  inch  x 0.055  inch 

d)  Passivation:  Silicon  Nitride  over  Silicon  Dioxide 

3.  Metallization: 

a)  Type:  Gold/Titanium/Platinum 

b)  Metallization  Layers:  One 
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FIGURE  FI.  SCHEMATIC  DIAGRAM  AND  FUNCTIONAL  DIAGRAM  - 
P/N  772926  - OPERATIONAL  AMPLIFIER 


AX 

FIGURE  F2 . EXTERNAL  CONSTRUCTION  - P/N  772926  - 
OPERATIONAL  AMPLIFIER 


F4 


MCOOWIVELL  DOUGLAS  /ISTHO/V/llUK  S COMPA/VV-  CAST 


REPO 


STORAGE  RELIABILITY 

OF  M'SSILE  MATERIEL 


INTERNAL 


EXTERNAL 


DIE  MOUNTED  IN  SAM-D  CONFIGURATION 


FIGURE  F4.  TYPICAL  SAM-D  CONFIGURATION  - P/N  773352  - OPERATIONAL  AMPLIFIER 
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F3.0  ELECTRICAL  TEST  CRITERIA 

Tables  F2  and  F3  provide  the  electrical  test  limits  and  electrical  test  conditions 
and  calculations.  In  addition,  the  electrical  test  fixture  is  illustrated  in 
Figure  F5.  The  selected  relays  of  Table  F3  are  closed  in  the  electrical  test 
fixture,  Figure  F5,  to  perform  the  desired  test. 

F4.0  BIAS  CIRCUIT  ANALYSIS 

Bias  circuit  evaluation  was  facilitated  by  previous  MDAC-E  experience  with  741 
type  operational  amplifiers.  The  two  Figure  F6  bias  circuits,  both  providing  out- 
put voltage  stability  at  elevated  ambient  temperatures,  were  investigated.  Bias 
circuit  1 utilized  two  supply  voltages  and  input  biasing  which  drives  the  output 
voltage  to  positive  saturation.  Bias  circuit  2 is  biased  to  drive  the  output  to 
positive  saturation  but  only  one  supply  voltage  is  required,  with  ground  serving 
as  a negative  supply.  The  voltages  applied  to  bias  circuit  1 were  +20  volts  and 
Vj^  equal  5.0  volts.  was  5.0  volts  for  bias  circuit  2,  also,  with  40  volts 
across  the  device. 

Bias  circuit  2 was  selected  to  be  the  candidate  life  test  circuit  because  it 
offered  the  highest  temperature  (225°C)  with  an  acceptable  current  drain.  An 
ambient  temperature  of  225°C  and  a maximum  voltage  of  40  volts  were  the  limiting 
conditions  established.  To  avoid  catastrophic  damage  in  the  event  of  device 
failure,  a 500  ohm  resistor  was  used  to  limit  short  circuit  current. 

F5.0  STEP  STRESS  TEST  RESULTS 

Twenty  devices  configured  in  bias  circuit  2 were  subjected  to  a step  stress  test 
consisting  of  three  16  hour  steps  starting  at  an  ambient  temperature  of  175°C  and 
concluding  at  225°C.  Testing  was  terminated  at  225°C  due  to  the  expected  onset  of 
thermal  runaway  at  250°C.  The  Figure  F7  summary  of  the  step  stress  test  reveals 
only  four  failures,  and  these  were  due  to  input  offset  current  being  slightly  out 
of  specification.  Therefore,  bias  circuit  2 and  a maximum  temperature  of  225°C 
were  considered  acceptable  for  life  testing. 
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FIGURE  F5.  ELECTRICAL  TEST  FIXTURE  - P/N  772926  - OPERATIONAL  AMPLIFIER 
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(JOV) 


BIAS  CIRCUIT  1 


[40V) 


BIAS  CIRCUIT  2 


FIGURE  F6 . BIAS  CIRCUIT  EVALUATION  - P/N  772926  - 
OPERATIONAL  AMPLIFIER 
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F6.Q  LIFE  TEST  CONDITIONS  AND  RESULTS 

The  life  test  conditions  are  included  in  Figure  F7.  The  Table  F4  summary  shows 
the  life  tests  continued  to  the  4000  hour  readout  with  54  cumulative  failures. 


F7.0  FAILURE  ANALYSIS 

Table  F5  sumnarizes  the  failure  analysis  results. 

Q1/Q2  hj-j-  Degradation  - 53  life  test  parts  exhibited  excessive  input  bias  current 
( I j B ) and/or  excessive  input  offset  current  (Ijq).  Many  of  these  parts  also 
exhibited  excessive  input  offset  voltage  (Vjq),  but  this  was  due  to  the  IR  drop 

developed  across  a series  input  resistor  ( R^  = 50K  ohms)  of  the  test  circuit  as  a 

result  of  the  excessive  Ijq.  All  failures  occurred  at  a common  mode  voltage  of 

+12V.  In  a few  worst  case  instances  ITD  or  IT„  was  also  excessive  at  VrM  = 0 V or 

-12V.  The  magnitude  and  sign  of  Ijq  indicated  that  the  failures  were  predominately 
due  to  degradation  of  the  non-inverting  input. 


The  excessive  input  currents  were  traced  to  low  hpB  in  Q1  and/or  Q2.  Q1  is  the 
pin  7 (non-inverting)  input  transistor  and  Q2  is  the  pin  5 (inverting)  input 
transistor.  Two  examples  of  curve  tracer  hpB  measurements  via  die  level  probing 
are  presented  in  Table  F6.  Since  constant  collector  currents  are  maintained 
through  Ql  and  Q2,  a decrease  in  hpp  causes  a proportional  increase  in  their  base 
currents,  which  are  the  amplifier  input  bias  currents.  The  measured  values  of  h p^ 
were  found  to  be  higher  at  higher  collector  voltages  (due  to  increased  leakage  and 
base  width  modulation)  which  is  why  Ijq  and  IjB  were  generally  in  tolerance  at 
common  mode  voltages  of  0V  (VqB  = 20V)  and  -12V  (VqB  = 27V).  Further  electrical 
probing  established  that  the  low  gain  was  caused  by  degradation  of  the  base- 
emitter  junction  as  illustrated  in  Figure  F8.  Ijq  and  IjB  would  recover  if  the 
parts  were  baked  or  in  some  instances  if  the  parts  were  left  on  test,  indicative 
of  a surface  instability  mechanism.  The  mechanism  probably  involved  depletion  or 
inversion  of  the  input  transistor  base  region  due  to  the  accumulation  of  a net 
positive  charge  in  the  passivation  over  the  base.  The  accumulation  generally 
results  .from  the  drift  of  ions  under  the  influence  of  an  applied  bias.  The  two 
failures  that  occurred  in  the  0V  cell  suggest  that  the  mechanism  may  not  be 
dependent  on  an  applied  external  bias.  These  two  devices  exhibited  marginal  IjB  or 
Vjq  at  the  time  of  failure  and  were  left  on  test.  IJB  or  Vj0  peaked,  then  returned 
to  within  specification  and  remained  stable  thereafter. 
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TABLE  FA.  LIFE  TEST  SUMMARY  - P/N  772926  - OPERATIONAL  AMPLIFIER 


TEST 

CELL  DESCRIPTION 

CUMULATIVE 

FAILURES  AT  HOURS  OF 

TEST 

CELL 

NO 

APPLIED 

BIAS 

AMBIENT 

TEMP. 

QUANT  1 TY 

4 

B 

16 

32 

64 

128 

256 

512 

1000 

2500 

4000 

1 

AO  VDC 

225°C 

30 

2 

2 

2 

2 

2 

2 

) 

4 

4 

8 

22* 

2 

25  VDC 

225°C 

30 

1 

1 

1 

2 

2 

3 

3 

3 

3 

3 

13* 

3 

10  VDC 

225°  C 

30 

1 

1 

1 

1 

3 

3 

4 

5 

5 

7 

11* 

A 

0 VDC 

225°C 

30 

0 

0 

0 

1 

2 

2 

2 

2 

2 

2 

2* 

5 

4 0 VDC 

200°C 

30 

2 

3 

4 

6 

6 

6 

6 

6 

6 

6 

6* 

* TEST  TERMINATED 


TABLE  F5.  FAILURE  ANALYSIS  SUMMARY  - P/N  772926  - OPERATIONAL  AMPLIFIER 


A. 

FAILED  PARAMETER  OR  SYMPTOMS 

QUANT  1 TY 

OF  FAILURES  AND  TIME  OF  FAILURE  (HOURS) 

B. 

FAILURE  MODE 

225°C 

200°  C 

C. 

FAILURE  MECHANISM 

40  V 

25  V 

10  V 

0 V 

40  V 

D. 

CAUSE  OF  FAILURE 

CELL  1 

CELL  2 

CELL  3 

CELL  4 

CELL  5 

A. 

1 I0/I IB/V|0 

104 

104 

104 

1032 

204 

6. 

LOW  hFE  IN  Q1  AND  Q2  DUE  TO  B-E 

10256 

1032 

2064 

1064 

108 

DEGRADATION 

10512 

10128 

10256 

1016 

c. 

DRIFT  OF  MOBILE  IONS 

402500 

1004000 

10512 

-2032 

D. 

CONTAMINATION  IN  THE  PASSIVATION 

1404000 

202500 

404000 

A. 

B. 

1 IO/! 1 B/Vl 0 

DEGRADED  Q1  C-B  JUNCTION 

104 

c. 

NOT  DETERMINED  (BULK  RELATED) 

D. 

NOT  DETERMINED 

TOTAL  NUMBER  OF  FAILED  PARTS 

22 

13 

11 

2 

6 

FI  4 
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Q1  ICD0  Failure  - One  part  exhibited  excessive  Ijq,  I j g , and  V due  to  negative 
bias  current  at  pin  7;  i.e.,  excessive  current  flow  out  of  the  pin  7,  non-inverting 
input.  The  negative  bias  current  was  traced  to  degradation  of  the  collector-base 
junction  of  Q1  as  shown  in  Figure  F9.  The  degradation  was  not  bake  reversible 
indicating  that  the  degradation  was  caused  by  a bulk  related  mechanism.  Because 
this  was  a single,  isolated  failure  no  analysis  other  than  microscopic  exminations 
of  Q1  after  delidding  was  performed.  The  examinations  disclosed  no  explanation 
for  the  degradation,  consequently  the  exact  failure  mechanism  was  not  established. 

F8.0  DATA  CORRELATION 

Excluding  one  failure,  the  Table  F5  Failure  Analysis  Summary  attributes  all  test 
failures  to  drift  of  mobile  ions  in  the  passivation.  Three  parameters,  I IQ , 

ITD,  and  VTn,  failed  for  this  reason.  Data  analysis  revealed  that  the  early  test 
failures  (<512  hours)  typically  involved  initially  marginal  parts  which  drifted 
only  slightly  to  exceed  the  specified  parameter  limit.  Ijq  was  the  predominant 
failed  parameter  and  was  analyzed  in  depth.  The  early  IjQ  failures  exceeded  the 
positive  Ij0  limit,  whereas  all  failures  after  512  hours  exceeded  the  negative 
I 0 limit.  Except  for  the  zero  volt  cell,  IIQ  of  all  parts  on  test  typically 
increased  in  the  positive  direction  at  the  beginning  of  the  life  test,  peaked, 
and  then  progressed  toward  the  negative  limit.  The  zero  volt  cell,  which  had 
only  two  marginal  failures  early  in  the  test  program,  showed  no  discernable 
parameter  trends. 

Using  the  three  point  interpolation  technique,  failure  times  were  established  for 
the  negative  Ijq  failures  and  the  Figures  FI 0 and  FI  1 cumulative  failure  distri- 
butions were  plotted.  The  three  Cell  5 failure  times  were  obtained  by  extrapo- 
lation techniques  for  those  parts  exhibiting  an  obvious  degradation  trend.  The 
data  reflects  a single  lognormal  distribution  and  is  summarized  in  Table  F7  as 
the  "main"  population. 

The  Table  F7  "freak"  population  summary  data  reflects  all  failures  up  to  512  hours. 
This  "freak"  population  is  not  considered  "well  behaved"  for  the  following  reasons: 
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FIGURE  F8. 


FIGURE  F9. 


VDC  = 50  mV/DIV. 

Dt 

FOWARD  BASE-EMITTER  l-V  CHARACTERISTIC  OF  Q2  (hFE  = 3A)  AND,  FOR 
COMPARISON,  Q1  (hpE  = MO)  OF  S/N  231  - P/N  772926  - OPERATIONAL 
AMPLIFIER 


HORIZ.  = 5 VOLTS/DI V 
VERT.  = 50  pA/DIV. 

LEAKAGE  CURRENT  FROM  V+  TO  PIN  7 (L/H  TRACE)  COMPARED  TO  V+  TO  PIN  5 
(R/H  TRACE).  THE  EXCESSIVE  LEAKAGE  FROM  V+  TO  PIN  7 INDICATES  THAT 
THE  C-B  JUNCTION  OF  Q1  IS  DEGRADED  - P/N  772926  - OPERATIONAL 
AMPLI FIER 


MroO/V/VfLL  001/GL4S  45TW04/4t/riC5  CO/WP4/VV  • t4ST 
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CUMULATIVE  PERCENTAGE  FAILURES  (*) 
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10 
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225°C  TEST  CELL 
25  VOLTS 


MAIN  POPULATION 

MEDIAN  LIFETIME  - 4285  HRS 

STD.  DEVIATION  - 0.18 
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CUMULATIVE  PERCENTAGE  FAILURES  (J) 


FIGURE  F10.  CUMULATIVE  FAILURE  DISTRIBUTIONS  FOR  CELL  1 (TOP) 
AND  CELL  2 (BOTTOM)  - P/N  772926  - OPERATIONAL 
AMPLIFIER 
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1 2 5 10  20  30  40  50  60  70  80  90  96  98  99 


CUMULATIVE  PERCENTAGE  FAILURES  (1) 


1 2 5 10  20  30  40  50  60  70  80  90  95  98  99 


CUMULATIVE  PERCENTAGE  FAILURES  (J) 

FIGURE  F 1 1 . CUMULATIVE  FA.ILURE  DISTRIBUTION  FOR  CELL  3 (TOP) 
AND  CELL  5 (BOTTOM)  - P/N  772926  - OPERATIONAL 
AMPLIFIER 
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TABLE  F7.  SUMMARY  DATA  - P/N  772926  - 
OPERATIONAL  AMPLIFIER 


CELL 

NO. 

TEST 

VOLTAGE 

(VOLTS) 

NUMBER 

OF 

FAILURES 

ta 

(°C> 

tj 

rc) 

FREAK  POPULATION 

MAIN  POPULATION 

MEDIAN 

LIFE 

(HOURS) 

STANDARD 

DEVIATION 

(HOURS) 

% 

FREAK 

MEDIAN 

LIFE 

(HOURS) 

STANDARD 

DEVIATION 

(HOURS) 

l 

MAIN 

1 

40 

21 

225 

235 

54 

2.39 

10.3 

3143 

0.34 

89.7 

2 

25 

13 

225 

230 

19 

1 .53 

10.0 

4206 

0.17 

90.0 

3 

10 

11 

225 

226 

51 

1 .89 

16.7 

6066 

0.60 

83.3 

4 

0 

2 

225 

225 

30 

0.75 

6.7 

.... 

.... 

93.3 

5 

40 

200 

205 

7 

1.15 

20 

265,352 

1.53 

80 

A INCLUDES  THREE  EXTRAPOLATED  TIMES  TO  FAILURE 
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1)  Although  the  failure  mechanism  is  considered  identical  for  both 
"freak"  and  "main"  populations,  the  "freak"  population  failed  Ijfi 
(positive  limit)  and  Ijg,  whereas  the  "main"  population  failed  only 

Ijq  (negative  limit).  Additionally,  many  of  the  "freaks"  were  initially 
marginal,  drifted  only  slightly  to  exceed  the  failure  limit,  and 
recovered  when  left  on  test. 

2)  Cell  5,  200°C  and  40  volts,  produced  twice  as  many  freak  failures  as 
Cell  1,  225°C  and  40  volts,  and  had  a much  lower  median  lifetime 
(6.9  hours  as  opposed  to  54  hours).  This  is  contrary  to  what  would 
be  expected  if  an  Arrhenius  temperature  relationship  existed. 

3)  The  two  failures  in  the  zero  volt  cell  indicate  the  "freak"  population 
could  be  expected  to  occur  in  a storage  environment. 

Because  of  these  reasons  no  Arrhenius  evaluation  was  accomplished  for  the  "freak" 
population.  However,  a lot  screening  test  using  the  Cell  5 test  conditions  for 
500  hours  should  detect  almost  all  of  the  "freak"  population. 

The  Figure  F12  Arrhenius  plot  reflects  Cells  1 and  5 "main"  population  data 
and  can  be  represented  by  the  following  equation: 

in  t50J  ■ -62.64783  * 
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The  high  activation  energy  (3.09  eV),  is  attributed  to  the  use  of  extrapolation 
for  the  three  Cell  5 failure  times.  Previous  operational  amplifier  testing  [FI] 
yiel ded  1 . 6 < EAl2-3  eV  for  main  population  surface  instability  failure  mechanisms 
at  rated  voltage,  confirming  that  the  Cell  5 failure  extrapolation  is  suspect. 
However  the  use  of  Cell  1 data  and  an  = 1.6  eV  still  produces  a x(t)^^«10  10 
failures  per  hour,  indicating  a high  storage  reliability  potential. 

Cells  1 through  4 provide  additional  insight  regarding  operational  reliability 
as  a function  of  voltage.  Figure  FI 3 is  a plot  of  the  median  lifetimes  as  a 
function  of  test  voltage.  For  a constant  temperature  the  Eyring  Model  reduces  to 

ln  ^o*  = a - bf(V) 
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FIGURE  F 1 2 . ARRHENIUS  PLOT  - P/N  772926  - 
OPERATIONAL  AMPLIFIER 
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FIGURE  r ) 3 - MEDIAN  LIFETIME  VERSUS  TEST  VOLTAGE  AT  225°C 

AMBIENT  TEMPERATURE  - P/N  772926  - OPERATIONAL 
AMPLIFIER 
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The  Figure  F13  data  indicates  the  f(V)  term  is  best  satisfied  by  In  V;  however, 
f(V)  v also  adequately  represents  the  data.  An  f(V)  = V is  rejected  on  the 
basis  of  no  failures  and  the  lack  of  a parameter  trend  in  the  zero  volt  cell. 
Additional  voltage  testing  at  lower  temperatures  is  required  to  provide  the  data 
necessary  for  identifying  the  constants  ("a"  and  "b")  in  the  above  equation. 


F9.0  CONCLUSIONS  AND  RECOMMENDATIONS 

o The  zero  volt  cell  produced  only  two  marginal  failures,  indicating  a 
high  storage  reliability  potential. 

o Calculated  failure  rates,  based  on  voltage  induced  failures,  indicates 
a high  operational  reliability  after  removal  of  the  freak  population, 
o The  "freat"  population,  consisting  of  marginal  failures,  did  not  exhibit 
an  Arrhenius  temperature  relationship, 
o A lot  screening  test  (200°C,  40  volts)  for  500  hours  should  detect  most 
of  the  "freak"  population. 

F10.0  REFERENCES 

[FI]  G.  M.  Johnson,  "Evaluation  of  Microcircuit  Accelerated  Test  Techniques", 
RADC-TR-76-218,  July  1976. 
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G1 . 0 PART  DESCRIPTION 

The  negative  voltage  regulator,  P/N  773051,  is  a LM104  type  device  manufactured 
by  National  Semiconductor  Corporation.  The  die  is  mounted  in  a 10-pin,  TO-5  can 
utilizing  conventional  chip  and  wire  construction.  This  test  configuration  is 
different  from  the  SAM-D  use  configuration. 

G2.0  CONSTRUCTION  ANALYSIS 

The  pertinent  construction  details  of  the  test  configuration  part  are  listed  in 
Table  G1 . Figures  G1 , G2  and  G3  provide  a photograph  of  the  external  construc- 
tion, schematic  and  functional  diagrams,  and  photographs  of  the  internal  construc- 
tion. This  device  contains  no  material  which  limited  life  testing  below  300°C. 

The  typical  SAM-D  configuration.  Figure  G4,  utilizes  a 10-lead  flatpack  version 
of  the  voltage  regulator  soldered  to  a ceramic  circuit  board. 

G3.0  ELECTRICAL  TEST  CRITERIA 

Table  G2  is  a list  of  the  electrical  tests  performed  on  this  device,  including  the 
test  conditions  and  limits.  The  "relays  selected"  column  refers  to  the  test 
fixture  relays,  Figure  G5,  which,  when  selected,  are  closed. 

G4 . 0 BIAS  CIRCUIT  ANALYSIS 

Two  bias  circuits  were  evaluated  and  are  pictured  in  Figure  G6  along  with  device 
current  vs  ambient  temperature  plots.  Bias  circuit  1 is  identical  to  the  burn-in 
circuit  of  773051.  Bias  circuit  2 differs  from  bias  circuit  1 in  that  the 
regulated  output  pin  and  booster  pin  are  left  open.  Bias  circuit  1,  with  the 
unregulated  supply  voltage  equal  to  -40  volts,  experienced  thermal  runaway  at  an 
ambient  temperature  between  225°C  and  250°C.  Bias  circuit  2 remained  thermally 
stable  at  ambient  temperatures  beyond  250°C.  In  addition,  bias  circuit  2 remained 
stable  at  250°C  with  -50  volts  as  the  unregulated  supply  voltage. 

Bias  circuit  2 was  selected  as  the  candidate  accelerated  life  test  circuit.  The 
maximum  ambient  temperature  was  250°C  and  the  selection  of  a maximum  voltage  for 
the  life  test  was  delayed  pending  the  results  of  the  step  stress  test.  A IK  ohm 
current  limiting  resistor  was  used  to  avoid  catastrophic  damage  in  the  event  of 
device  failure. 
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TABLE  Gl.  PART  CONSTRUCTION  DETAILS  - P/N  773051  - VOLTAGE  REGULATOR 


A.  IDENTIFICATION 

1.  Part  Name:  Voltage  Regulator  (LM104) 

2.  Part  Manufacturer:  National  Semiconductor  Corporation 

3.  Part  Number:  773051 

Date  Code: 

B.  PACKAGE 

1.  Type:  10-Pin,  T0~5 

2.  Weight:  0.975  gram 

3.  Materials: 

a)  Cap:  Steel 

b)  Header:  Kovar,  gold-plated 

c)  Leads:  Kovar,  gold-plated 

d)  Cap  Seal : Weld 

e)  Lead  Seal : Glass 

C.  INTERNAL  GEOMETRY 


1.  Interconnections 

a)  Type:  Aluminum 

b)  Diameter:  0.0011  inch 

c)  Bonds: 

1)  Aluminum-aluminum  ultrasonic  at  the  die 

2)  Aluminum-gold  ultrasonic  at  the  lead 

2.  Die: 

a)  Type:  Silicon,  planar 

b)  Scribe  Method:  Mechanical 

c)  Dimensions:  0.055  inch  x 0.055  inch 

d)  Attach  Method:  Gold  Eutectic 

e)  Gl ass i vat i on : Silicon  Dioxide 

3 Metal  1 i zat i on: 

a)  Type:  Aluminum 

b)  Number  of  Layers:  One 
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FIGURE  G I . 


EXTERNAL  CONSTRUCTION  - P/N  773051  - VOLTAGE  REGULATOR 
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FIGURE  G2 . SCHEMATIC  DIAGRAM  AND  FUNCTIONAL  DIAGRAM 
VOLTAGE  REGULATOR 
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TABLE  G2 . ELECTRICAL  TEST  CONDITIONS  - P/N  773051  - 
VOLTAGE  REGULATOR 


A REFERENCE  FIGURE  G5- 


INITIAL  AND  FINAL  TEST  CONDUCTED  AT  +25°C,  +125°C  AND  -55°C. 
INTERIM  TEST  CONDUCTED  AT  +25°C. 
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ELECTRICAL  TEST  FIXTURE 


FIGURE  G5 . ELECTRICAL  TEST  FIXTURE  - P/N  773051  - VOLTAGE  REGULATOR 
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G5.0  STEP  STRESS  TEST  RESULTS 

A step  stress  test  on  20  devices  in  bias  circuit  2 was  performed.  The  voltage  on 
the  parts  was  -40  volts.  Four  16  hour  steps,  the  first  at  175°C  and  the  last  at 
250°C,  generated  five  failures.  All  of  the  failures  were  marginal  and  four  of 
them  recovered  with  an  8 hour,  225°C  bake.  It  was  decided  to  subject  these 
devices  to  three  additional  steps  of  16  hours  with  the  unregulated  supply  voltage 
at  -50  volts.  Six  marginal  failures,  including  the  five  previous  failures  and 
one  new  failure,  were  observed.  Figure  G7  contains  a step  stress  test  summary. 

It  was  concluded  that  the  life  test  could  be  run  with  -50  volts  as  the  maximum 
voltage  and  250°C  the  maximum  ambient  temperature. 

G6.0  LIFE  TEST  CONDITIONS  AND  RESULTS 

A summary  of  the  life  test  conditions  appears  in  Figure  G7.  The  Table  G3  life 
test  summary  shows  Cell  1 was  terminated  after  512  hours  with  22  failures,  and 
the  remaining  cells  continued  to  the  4000  hour  readout.  Failures  were  experienced 
in  all  the  cells  having  an  applied  bias.  The  zero  volt  cell  experienced  no 
fai 1 ures. 


G7.0  FAILURE  ANALYSIS 

The  failure  analysis  results  are  summarized  in  Table  G4. 

Surface  Instability  Failures  - Forty-one  (41)  parts  failed  line  regulation  (VR£g) 
during  the  life  tests.  Twenty-two  (22)  parts  exhibited  negative  failed  values 
ranging  from  -165  mV  to  -562  mV.  Nineteen  (19)  parts  exhibited  positive  failed 
values  ranging  from  +154  mV  to  +8032  mV.  Failed  parts  would  recover  completely  if 
baked  or  if  stored  at  room  temperature  which  is  indicative  of  a surface  instability 
mechanism  involving  mobile  ionic  contamination  in  or  on  the  passivation. 

The  degradation  could  not  be  isolated  to  a specific  junction  or  component  via 
curve  tracer  pin-pin  testing  of  failed  parts.  For  this  reason  and  because  no 
failures  of  this  type  occurred  in  the  storage  cell,  no  further  troubleshooting  of 
the  circuit  was  performed.  Microscopic  examinations  of  failed  parts  after 
delidding  disclosed  that  the  die  surface  of  most  of  the  parts  contained  one  or 
more  spots  of  contamination  which  appeared  to  be  either  a residue  or  debris.  A 
worst  case  example  is  shown  in  Figures  G8  and  G9.  SEM  examination  of  the 
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STEP  STRESS  AND  LIFE  TEST  CIRCUIT 
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STEP  STRESS  TEST  - FAILURE  SUMMARY  (20  DEVICES) 
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LIFE  TEST  CONDITIONS 


TEST  CELL 
NUMBER 

ta 

AMBIENT 

TEMPERATURE 

(°C) 
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SS 
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(MILL  1 AMPS) 

Pd 
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DISSIPATION 
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TJ 
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FIGURE  G7.  STEP  STRESS  RESULTS  AMD  LIFE  TEST  CONDITIONS  - P/N  773051 
VOLTAGE  REGULATOR 
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TABLE  G3.  LIFE  TEST  SUMMARY  - P/N  773051  - VOLTAGE  REGULATOR 


TEST 

CELL  DESCRIPTION 

CUMULATIVE 

FAILURES  AT  HOURS  OfTeST 

CELL 

NO 

APPLIED 

BIAS 

AMBIENT 

TEMP. 

QUANTITY 

8 

16 

32 

66 

— 

128 

256 

512 

1000 

2505 

6000 

1 

50  VDC 

250  C 

30 

3 

6 

4 

8 

11 

15 

16 

22* 

2 

25  VDC 

250  C 

30 

0 

0 

0 

0 

0 

0 

0 

1 

1 

3 

3* 

3 

0 VDC 

2 50  C 

30 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0* 

6 

50  VDC 

225  C 

30 

2 

2 

6 

5 

6 

6 

7 

7 

7 

1 1 

11* 

5 

— 

50  VDC 

200  C 

30 

0 

0 

0 

1 

3 

5 

5_ 

5 

5 

6_ 

6* 

* TEST  TERMINATED 


TABLE  G4.  FAILURE  ANALYSIS  SUMMARY  - P/N  77305!  - VOLTAGE  REGULATOR 


A. 

FAILED  PARAMETER  OR  SYMPTOMS 

QUANT  1 TY 

OF  FAILURES  AND 

TIME  (HOURS)  OF  FAILURE1 

B. 

FAILURE  MODE 

250°C 

225°C 

200°  C 

c. 

FAILURE  MECHANISM 

50  V 

25  V 

0 V 

50  V 

50  V 

D. 

CAUSE  OF  FAILURE 

CELL  1 

CELL  2 

CELL  3 

CELL  6 

CELL  5 

>- 

h- 

A. 

v 

REG 

m 

18512 

286 

1832 

_l 

B. 

NOT  DETERMINED 

1 88 

282506 

2816 

2866 

eg  to 

< LkJ 

C. 

PROBABLY  MOBILE  ION  DRIFT 

6832 

1832 

28128 

on  =) 
Z -1 

D. 

PROBABLY  CONTAMINATION  IN  THE 

3866 

1866 

< 
UJ  u. 
(-1 

PASSIVATION 

68128 

18256 

Lk. 

a: 

18256 

6 82506 

3 

on 

68512 

A. 

CATASTROPHIC 

182506 

B. 

NONE  (RETEST  OK) 

ac 
1-  o 

in  a c 

C. 

NONE 

h-  uj 

D. 

TEST  SET  FAULT 

TOTAL  NUMBER  OF  FAILED  PARTS 

22 

3 

0 

1 1 

6 
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contamination,  Figures  G10  and  Gil,  showed  that  it  was  located  on  top  of  the 
glassivation  and  that  the  glassivation  was  intact.  Thus,  it  is  unlikely  that  the 
contamination  was  responsible  for  the  instability  of  these  parts.  More  probably, 
the  instability  resulted  from  ions  or  charges  in  the  passivation  that  were  intro- 
duced during  device  processing. 

Test  Error  - One  part  failed  catastrophically  (no  output  voltage  or  supply  current) 
during  the  life  test.  The  failed  parameters  could  not  be  verified  during  a bench 
test  (all  parameters  were  normal)  and  internal  examinations  and  wire  pull  tests 
disclosed  no  deficiency  which  could  have  caused  intermittent  operation.  There- 
fore, this  failure  was  probably  caused  by  a test  set  fault  such  as  an  intefmittent 
connection. 


G8.0  DATA  CORRELATION 

Excepting  the  one  test  induced  failure,  the  Table  G4  Failure  Analysis  Summary 
sttributes  mobile  ion  drift  as  the  probable  failure  mechanism  for  the  41  test 
failures.  This  failure  mechanism  appears  to  be  vol tage/ temperature/ time  dependent, 
as  evidenced  by  the  total  number  of  failures  attributed  to  each  test  cell.  Cell  3 
(0  volt,  250°C)  had  no  failures  in  4000  Fours,  indicating  that  the  mobile  ion 
drift  is  not  applicable  to  a storage  environment  or  that  the  test  was  not  long 
enough. 


The  failed  parameter,  line  regulation  (VR£q),  has  a specified  range  of  +150  mV. 
The  early  failures  tended  to  exceed  the  upper  limit  (+150  mV)  while  the  later 
failures  exceeded  the  lower  limit  (-150  mV).  As  shown  in  Table  G2,  VR^  is 
calculated  using  the  following  equation: 


VREG  " VREG*'12' 


- »reg<-50> 


Both  VR£g(-12)  and  Vr^q(-50)  are  negative  voltages.  At  the  start  of  the  life 
tests  both  parameters  experienced  a slight  voltage  shift  in  the  positive  direction. 
This  shift  was  sufficient  in  some  cases  to  produce  failures  exceeding  the  +150  mV 
limit.  As  the  test  progressed  the  value  of  Vreq(_50)  tended  to  degrade  (increase 
in  the  positive  direction)  at  a greater  rate  than  VR£g(-12),  resulting  in  failures 
exceeding  the  -150  mV  limit.  Where  failed  parts  were  allowed  to  continue  in  test. 
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the  vReq("50)  parameter  continued  to  degrade  and  sometimes  exceeded  the  VfJ|JT 


fhe  V^^g(-50)  parameter  in  Cell  3,  the  zero  volt  cell. 


maximum  limit  of  -9  Vdc. 
displayed  good  stability  throughout  the  4000  hour  test  and  showed  no  degradation 
trends.  While  this  precluded  use  of  extrapolation  techniques  to  predict  Cell  3 
failure  times,  sufficient  trends  were  indicated  in  Cells  2 and  5 to  provide 
extrapolated  failure  times  to  supplement  the  actual  Cells  2 and  5 failures. 


Figures  G12  and  G1 3 show  the  cumulative  failure  distributions  for  Cells  1,  2,  4 
and  5.  Each  exhibits  a bimodal  failure  distribution,  indicative  of  a "freak"  and 
"main"  population.  The  significant  distribution  data  are  summarized  in  Table  G5. 
The  Cell  2 data  indicates  that  both  the  "freak"  and  "main"  failure  distributions 
are  sensitive  to  the  magnitude  of  applied  bias,  a conclusion  further  corroborated 
by  the  absence  of  failures  in  the  zero  volt  test  cell. 


An  Arrhenius  evaluation  of  the  three  50  volt  test  cells'  data  allows  a conserva- 
tive estimate  of  storage  median  lifetimes.  The  Arrhenius  plots  of  Figure  G14 
of  the  "freak"  and  "main"  distributions  can  be  represented  by  the  following 
equations : 


1n  ^50%) freak 


-22.7364  + 


ln  (t50^main 


-33.0669 


, 2.0115 
kT 


Included  in  Figure  G14  is  25  volt  data  from  Cell  2.  Assuming  the  same  "freak" 
and  "main"  population  activation  energies  established  for  the  50  volt  data  allows 
projection  of  median  lifetimes  for  the  reduced  voltage  condition.  Under  these 
conditions  approximately  a two  order  of  magnitude  improvement  in  median  lifetime 
is  realized  by  reducing  voltage  from  50  to  25  volts. 


The  25  volt  data  was  used  to  develop  a conservative  estimate  for  a storage  failure 
rate.  Using  the  "pooled"  technique  for  determining  the  standard  deviation,  the 
following  expression  was  derived  for  the  instantaneous  failure  rate: 
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FIGURE  G 1 2 . CELL  1 (TOP)  AND  CELL  2 (BOTTOM)  CUMULATIVE  FAILURE 
DISTRIBUTIONS  - P/N  773051  - VOLTAGE  REGULATOR 
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A(t) 

ZERO 

VOLT 


fin  t + 22.7364  - 1 .3580(^|)j 

\ exp  - 

20 -61  )2 

T1 

fin  t1  + 22.7364  - 1 .3580(~r)]Z  ' 

dt  ‘ 

exp  - 9 

Jt 1 

2(1.61;  J 

t 6XP  ‘ 


t + 33.0669  - 2.011 


^kT^. 


2(1.66) 


/ 


t'  exp  ' 


[’» 


t'  + 33.0669  - 2.0115(~) 


2 n 


2(1  .66) 


dt ' 


X 0.90 


The  calculated  maximum  instantaneous  failure  rate,  x(t)M  , for  the  storage  time 
(20  years)  and  temperature  range  (25°C-100°C)  of  interest  is  3.25  x 10  u failures 
per  hour.  An  appropriate  screening  test  (250°C,  50  volts,  24  hours)  would  remove 
over  90%  of  the  freak  population  and  improve  the  failure  rate. 

Since  the  calculated  failure  rate  is  based  on  derivations  involving  the  25  volt 
data,  the  storage  failure  rate  is  expected  to  be  much  better.  The  use  of  the 
screening  test  to  eliminate  the  majority  of  the  "freaks"  would  result  in  an 
improved  operational  failure  rate. 

G9.0  CONCLUSIONS  AND  RECOMMENDATIONS 

o No  failures  were  encountered  during  the  4000  hour,  zero  volt 

test  at  250°C,  indicating  this  voltage  regulator  has  a high  storage 
rel iabi 1 i ty  potential . 

o Data  analysis  revealed  that  both  voltage  and  temperature  are  life  accel- 
erators. Use  of  voltage  generated  data  allows  prediction  of  a 
conservative  failure  rate  (3.25  x 10  ^ failures  per  hour)  for  a storage 
condition. 
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o Voltage  generated  failure  distributions  reveal  presence  of  "freak"  and 
"main"  populations.  A 24  hour  screening  test  conducted  at  250°C  with 
50  volts  bias  would  eliminate  over  90%  of  the  "freak"  population. 
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H1.0  PART  DESCRIPTION 

The  NPN  Low  Power  Switch,  P/N  772928,  is  a beam  lead  transistor  mounted  in  a 
3-lead,  TO-18  package.  The  device  was  manufactured  by  Raytheon  Company,  Semi- 
conductor Division.  This  test  configuration  is  different  from  the  SAM-D  use 
configuration. 

H2.0  CONSTRUCTION  ANALYSIS 

Table  HI  summarizes  the  pertinent  physical  details  of  the  test  part,  while 
Figures  HI,  H2  and  H3  present  pictorial  details.  The  beam  lead  die  is  bonded  to 
the  gold  plated  header  of  the  TO-18  package.  Hermetic  sealing  is  accomplished  by 
a glass  lead  seal  and  a welded  cap  seal.  This  part  contains  no  materials  which 
limited  testing  below  300°C. 

Figure  H4  shows  the  beam  lead  die  as  it  would  be  used  in  a typical  SAM-D  applica- 
tion. The  die  is  beam  lead  bonded  to  metallization  on  a ceramic  substrate. 

H3.0  ELECTRICAL  TEST  CRITERIA 

Initial  tests  were  conducted;  however,  due  to  a problem  which  was  discovered  after 
the  first  step  stress,  a second  initial  test  was  conducted  on  this  device  and  used 
as  the  baseline  data.  The  electrical  test  measurements  performed  for  this  second 
initial  test  as  well  as  the  interim  and  final  tests  are  identified  in  Table  H2. 

The  problem  which  was  discovered  after  the  first  step  stress  is  discussed  in 
detail  in  paragraph  H7.0. 

H4.0  BIAS  CIRCUIT  ANALYSIS 

The  three  Figure  H5  candidate  bias  circuits  were  evaluated  to  determine  their 
current/temperature  relationship  and  device  stability  as  a function  of  temperature. 
Bias  circuit  1 had  1.0  volt  reverse  bias  across  the  emitter-base  junction  and  a 
variable  voltage  source  on  the  collector.  Bias  circuit  2 and  bias  circuit  3 had 
0 volt  and  3.5  volts  reverse  bias  across  the  emitter-base  junction,  respectively, 
and  variable  voltage  sources  on  their  collectors.  The  results  of  testing  at 
ambient  temperatures  up  to  250°C  are  shown  in  Figure  H5.  Bias  circuit  1 with  16.0 
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TABLE  HI.  PART  CONSTRUCTION  DETAILS  - P/N  772928  - 
NPN  LOW  POWER  SWITCH 


A.  IDENTIFICATION 

1.  Part  Name:  NPN  Low  Power  Switch  (2N39&0) 

2.  Part  Manufacturer:  Raytheon  Co.,  Semiconductor  Division 

3.  Part  Number:  772928 

4.  Date  Code:  7537 

B.  PACKAGE 

1.  Type:  3-Lead,  TO- 1 8 (Drawing  No.  757431) 

2.  Weight:  0.318  gram 

3.  Materials: 

a)  Cap:  Steel 

b)  Header:  Kovar,  gold-plated 

c)  Leads:  Kovar,  gold-plated 

d)  Cap  Seal : Weld 

e)  Lead  Seal  : Glass 

C.  INTERNAL  GEOMETRY 

1.  Interconnections:  Beam  leads  bonded  to  gold-plated  header. 

2.  Die: 

a)  Type:  Silicon,  planar  (Beam  Lead) 

b)  Scribe  Method:  Etch 

c)  Dimension:  0.0145  inch  x 0.0145  inch 

d)  Passivation:  Silicon  Nitride  over  Silicon  Dioxide 

3.  Metallization  Type:  Gold/Titanium/Platinum 
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FIGURE  HI.  EXTERNAL  CONSTRUCTION  - FIGURE  H2.  SYMBOL  AND  TERMINAL 

P/N  772928  - NPN  LOW  POWER  SWITCH  DIAGRAM  - P/N  772928  - NPN  LOW  POWER 

SWITCH 


47X  (SEM)  1 99X 

VIEW  WITH  LID  REMOVED  DIE  TOPOGRAPHY 

FIGURE  H3.  INTERNAL  CONSTRUCTION  DETAILS  - P/N  772928  - NPN  LOW  POWER  SWITCH 
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EXTERNAL 


INTERNAL 


DIE  MOUNTED  IN  SAM-D  CONFIGURATION 


FIGURE  H4.  TYPICAL  SAM-D  CONFIGURATION  - P/N  773379  * NPN  LOW  POWER  SWITCH 
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TEST  SYMBOL  MIL-STD-750 
NO. 


Hfe,  3076  A 

HFE2  3076  A 

HFE3  3076  A 

'CES  S0**1-' 

L COND.  C 


CONDITIONS 


VCE  " ,0V;  VEB  = 0V 


Ta=+25°C  Ta=+I50°C 


MIN  MAX  I MIN  MAX 


VCE  = I . OV; I c - 1.0mA  25 
VCE  = 1 .OV; lc  = 10mA  AO 
VCE  = 1 . OV ; I c = 30mA  25 


A I A ! A ! A 


A EQUIVALENT  TEST  CONFIGURATION 

A LIMITS  NOT  SPECIFIED  BY  PART  DRAWING  - MEASUREMENT  MADE  FOR  INFORMATION  ONLY 

INITIAL  AND  INTERIM  TEST  CONDUCTED  AT  +25°C.  FINAL  TEST  CONDUCTED  AT  +25°C 
AND  +1 50°C . 
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volts  on  the  collector  was  acceptable  for  the  accelerated  life  test  and  was  used 
in  the  first  step  stress  test. 

H5.0  STEP  STRESS  TEST  RESULTS 

An  additional  step  stress  test  was  conducted  on  this  device  due  to  a problem  which 
was  discovered  after  the  first  step  stress  was  concluded.  (Refer  to  paragraph  H7.0 
for  a discussion  of  this  problem.)  The  first  step  stress  utilized  bias  circuit  1. 
Figure  H6  contains  a summary  of  the  ambient  temperatures  for  each  step  and  the 
cumulative  failures  throughout  the  step  stress.  The  duration  of  each  step  was 
16  hours.  The  seven  failures  which  were  generated  were  all  degraded  hp^ . Failure 
analysis  of  these  parts  determined  that  some  of  the  parametric  tests  which  were 
originally  performed  altered  the  condition  of  the  emitter-base  junction.  Those 
tests  were  eliminated  and  all  of  the  parts  were  subjected  to  a laboratory  ambient 
test  consisting  of  the  Table  H2  tests  to  serve  as  the  initial  baseline  data.  In 
addition  it  was  decided  that  no  bias  should  be  applied  to  the  parts  during  life 
test  in  order  to  avoid  reversing  the  failure  mode.  Therefore,  ten  devices  with  no 
bias  applied  were  subjected  to  a second  step  stress,  the  results  of  which  are 
included  in  Figure  H6.  The  three  failures  generated  in  this  step  stress  test 
indicated  that  a life  test  consisting  of  five  storage  cell s ’ (unbiased)  would  be 
acceptable  for  this  device. 
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H6 . 0 LIFE  TEST  CONDITIONS  AND  RESULTS 

Figure  H6  contains  a list  of  the  life  test  condition  (ambient  temperatures)  for 
each  cell.  As  shown  in  the  Table  H3  summary.  Cells  1 and  2 were  terminated  after 
1000  hours  of  life  test  with  twenty-six  and  thirty  failures,  respectively.  The 
three  remaining  cells  remained  in  life  test  for  4000  hours.  Twenty-eight  failures 
were  generated  in  Cell  3,  nineteen  in  Cell  4 and  one  in  Cell  5.  All  of  the  life 
test  failures  were  hp^^  degradation. 


H7.0  FAILURE  ANALYSIS 

Table  H4  is  a summary  of  the  failure  analysis  results.  Ten  parts  failed  hpp^ 
during  the  step  stress  tests  and  104  parts  failed  hpp^  during  the  life  tests.  The 
parameter  hpp^  has  a specified  minimum  limit  of  25  at  V^p  = 1 Vdc  and  1^  = 1 mA. 
The  114  parts  displayed  no  other  failed  parameter, 
uted  to  the  same  surface  instability  mechanism. 


All  hpp.|  failures  were  attrib- 
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FIRST  STEP  STRESS  CIRCUIT  SECOND  STEP  STRESS 


FIRST  STEP  STRESS  TEST  - FAILURE  SUMMARY  (20  DEVICES) 


AMBIENT  TEMP  (°C) 

CUMULATIVE  FAILURES 

200 

0 

225 

0 

250 

6 

275 

7 

SECOND  STEP  STRESS  - FAILURE  SUMMARY  (10  DEVICES) 


AMBIENT  TEMP  («C) 

CUMULATIVE  FAILURES 

200 

0 

225 

0 

250 

1 

275 

3 

LIFE  TEST  CONDITIONS 


TEST  CELL 
NUMBER 

ta  A 

AMBIENT 

TEMPERATURE 

(°c) 

1 

250 

2 

225 

3 

200 

It 

175 

5 

150 

^ ALL  CELLS  ARE  STORAGE  (WITHOUT  BIAS)  CELLS  AND  THEREFORE,  T.  = T.. 

A J 


FIGURE  H6.  STEP  STRESS  RESULTS  AND  LIFE  TEST  CONDITIONS  - 
P/N  772928  - NPN  LOW  POWER  SWITCH 
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TABLE  H3.  LIFE  TEST  SUMMARY  - P/N  772928  - NPN  LOW  POWER  SWITCH 


TEST  CELL 

DESCRIPTION 

CUMULATIVE  FAILURES  AT 

HOURS 

OF  TEST 

CELL 

NO. 

APPLIED 

BIAS 

AMBIENT 

TEMP. 

QUANTITY 

4 

8 

16 

32 

64 

128 

256 

512 

1000 

2500 

4000 

1 

0 

250°C 

30 

0 

0 

0 

2 

5 

17 

20 

25 

26* 

2 

0 

225°C 

30 

0 

0 

0 

0 

2 

20 

25 

27 

30* 

3 

0 

200°C 

30 

0 

0 

0 

0 

0 

0 

6 

1 1 

19 

27 

28* 

4 

0 

1 75°C 

30 

0 

0 

0 

0 

0 

0 

0 

0 

2 

9 

1 9* 

5 

0 

1 50°C 

30 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1* 

* TEST  TERMINATED 


TABLE  HA.  FAILURE  ANALYSIS  SUMMARY  - P/N  772928  - 
NPN  LOW  POWER  SWITCH 


A. 

FAILED  PARAMETER 

QUANTITY  OF  FAILURES  AND  TIME  OF 

FAILURE  (HOURS) 

B. 

FAILURE  MODE 

VDC 

VCE=I5  VDC 

0 VDC 

c. 

FAILURE  MECHANISM 

250°C 

225  °C 

200  °C 

1 75°C 

150°C 

INITIAL  STEP 

SECOND  | 

STEP 

0. 

CAUSE  OF  FAILURE 

CELL  1 

CELL  2 

CELL  3 

CELL  4 

CELL  5 

STRESS 

STRESS 

2632 

2*64 

66256 

261000 

164000 

66250  °C  Step 

16250 °C  Step 

A. 

hFE. 

3®64 

1 8@ 1 28 

50512 

702500 

1 @275 °C  Step 

26225  °C  Step 

B. 

B-E  DEGRADATION 

1 2@1 28 

56256 

861000 

1064000 

C. 

| 

MOBILE  ION  OR  I ft  OR 
SURFACE  STATES 

30256 

2@5 1 2 

862500 

D. 

PASSIVATION  DESIGN/ 
PROCESSING  OR 

5®512 

3 ® 1 000 

1 @4000 

CONTAMINATION 

lglOOO 

TOTAL  NUMBER  OF 
FAILED  PARTS 

26 

30 

28 

19 

1 

7 

3 
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During  initial  step  stress  testing,  hp^  displayed  two  inflections  as  evidenced 
in  Table  H5.  It  apparently  increased  as  a result  of  the  200°C  step,  then 
decreased  through  the  225°C  and  250°C  steps,  then  increased  as  a result  of  the 
275°C  step.  Analysis  of  the  three  failed  parts  removed  after  the  250°C  step 
established  that  the  low  hp^^  was  caused  by  degradation  of  the  emi tter-base  junc- 
tion. Further  investigations  disclosed  that  the  emitter  junction  (and  consequently 
the  low-current  hpp^ ) of  the  device  was  unstable,  even  at  room  temperature.  If 
the  transistor  was  heated  with  no  applied  bias,  the  junction  degraded  (hpp-j  will 
decrease)  with  time.  If  the  emitter  junction  was  reverse  biased  or  avalanched, 
the  b-e  improved  as  illustrated  in  Figure  H7.  In  this  example,  hpp-j  of  the 
transistor  was  121  upon  receipt.  After  baking  the  transistor  for  64  hours  at 
250°C  (no  bias),  hpp^  dropped  to  24  and  the  b-e  forward  characteristic  degraded  to 
that  shown  by  trace  (1).  After  applying  5 volts  reverse  bias  to  the  emitter  junc- 

3 

tion  for  5 minutes,  hpg-j  improved  to  40  and  Vgp  to  that  shown  by  trace  (2).  After 
avalanching  the  emitter  junction  (Vgg  = 7 volts,  Ig  = 1 microampere)  for  30 
seconds,  hcc,  improved  to  88  and  VDr  to  that  shown  by  trace  (3).  By  applying 
reverse  emitter  bias  and  heating  the  transistor  for  a few  minutes,  hpp^  could  be 
made  to  increase  beyond  its  original  value.  The  cycle  could  then  be  repeated. 

These  findings  indicated  that  the  mechanism  responsible  for  the  emitter  junction 
instability  was  surface  related  and  probably  involved  charging  and  discharging  of 
surface  states  or  ion  drift  in  the  passivation. 

Examination  of  hpp^  of  the  5 control  sample  transistors  used  during  the  first  step 
stress  test  revealed  that  a shift  in  hpp^  occurred  during  parametric  testing. 

These  five  devices  saw  no  environmental  stress  and  were  tested  along  with  the  20 
step  stress  parts  . As  shown  in  Table  H6,  hp^  increased  two-fold  between  the 
first  test  (as-received)  and  the  second  test  (post  200°C  step),  then  remained 
stable  thereafter.  The  hpp^  increase  was  traced  to  measurement  of  BVggQ.  Upon 
receipt,  hpE1  was  measured  first  followed  in  order  by  BVCdQ,  Ipp,,,  VQrc/\j>  vbE0N’ 

I cbo * ^BO’  and  BVCE0  ^BVEB0  was  not  measured)-  Then,  during  incoming  testing 
only,  the  measurements  were  repeated  at  150°C.  Experiments  established  that  the 
increase  in  hp^  was  due  in  part  to  measurement  of  BVpgp  at  25°C  and  in  part  to 
measurement  of  BVpgp  at  150°C.  Apparently  these  transistors  contain  a conductive 
path,  such  as  a diffusion  spike  or  pipe,  between  the  collector  and  the  emitter 
that  causes  a floating  voltage  to  appear  on  the  emitter  and  avalanche  the  emitter 
junction  during  measurement  of  BVpgp. 
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These  findings  account  for  the  variation  of  hp^  during  the  initial  step  stress 
test.  As  shown  in  Figure  H8,  the  apparent  increase  in  hpp^  due  to  the  200°C  step 
was  caused  by  the  incoming  parametric  measurements.  Actually,  hpp^  decreased 
from  the  start  of  the  200°C  step  through  completion  of  the  250°C  step  due  to  time- 
temperature  degradation  of  the  emitter  junction.  The  hpp-|  increase  that  occurred 
after  the  250°C  step  was  suspected  to  be  due  to  eventual  improvement  of  the 
emitter  junction  caused  by  the  one  volt  reverse  bias  on  the  junction  during  step 
stress.  This  was  confirmed  by  performing  a second  step  stress  test  on  ten 
unbiased  parts.  As  shown  in  Table  H7,  with  no  applied  bias  hp^  did  not  improve 
' during  the  275°C  step. 


In  view  of  these  findings,  the  following  changes  were  incorporated  for  the 
accelerated  life  testing: 


o Measurement  of  BV, 


j., 


and  IpBQ  and  other  parameters  at  each  test 


CBO  ’ CBO ’ 

point  was  eliminated  to  avoid  avalanching  or  reverse  biasing  the  emitter- 
junction  or  affecting  the  hpp^  parameter  during  parametric  measurements. 
Each  device  was  remeasured  to  determine  the  values  of  hpp-j  at  the  start 
of  the  life  test  (since  all  devices  had  been  subjected  to  the  complete 
incoming  25°C  and  150°C  measurements). 

No  bias  was  applied  to  the  parts  during  life  test  to  avoid  reversing  the 
failure  mode  relevant  to  storage  conditions  (hpp^  decrease). 


One  hundred  and  four  (104)  parts  failed  due  to  low  hpp^  during  the  life  tests. 
Analysis  of  representative  failures  confirmed  that  the  low  hpF1  was  due  to  degrada- 
tion of  the  emitter  base  junction  caused  by  mobile  ion  drift  or  surface  states. 


H8.0  DATA  CORRELATION 

The  life  tests  were  conducted  using  only  elevated  temperature  as  an  accelerator. 
Therefore,  all  failures  are  considered  directly  applicable  to  a storage  environ- 
ment. 


The  Table  H4  Failure  Analysis  Summary  reveals  that  all  test  failures  were  attributed 
to  a surface  instability  mechanism  caused  by  Dassivation  design/processing.  In  all 
cases  this  mechanism  caused  hp^ ^ degradation,  as  shown  in  Figure  H9  plot  of 
normalized  hpp-j  versus  time.  Note  that  one  curve  depicts  both  the  225°C  and  250°C 
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TABLE  H5.  hFE]  DURING  FIRST  STEP  STRESS  TEST  - P/N  772928  - 
NPN  LOW  POWER  SWITCH 


^ THREE  OF  THE  SIX  250°C  FAILURES  WERE  REMOVED. 

/k  THE  THREE  PREVIOUS  FAILURES  RECOVERED;  ONE  PREVIOUSLY  GOOD  PART  FAILED 


TABLE  H6.  hFE)  OF  THE  FIVE  CONTROL  SAMPLES  - P/N  772928  - 
NPN  LOW  POWER  SWITCH 


AS  RECEIVED 

200bC 

STEP 

225°C 

STEP 

250TrC 

STEP 

TfVZ 

STEP 

MEAN  hFEl  £ 25°C 

1*2 

90 

92 

92 

92 

hFE|  RANGE 

35-A8 

83-98 

8L-I00' 

81-100 

81-100 
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TRACE  1 - AFTER  6*4  HOURS,  250°C 
BAKE 

TRACE  2 - AFTER  REVERSE  BIASING 
(5  VDC)  THE  E-B  FOR  5 
MINUTES 

TRACE  3 - AFTER  AVALANCHING  THE 
E-B  FOR  30  SECONDS 

NOTE  - NUMBERS  ALONG  SIDE  OF  EACH 
TRACE  INDICATE  THE 
CORRESPONDING  VALUES  OF 


HORIZONTAL  = 50  mV/DIV. 

VERTICAL  = 2nA/D I V. 

FIGURE  H7.  VgE  VS.  Ig  - P/N  772928  - NPN  LOW  POWER  SWITCH 


FIGURE  H8.  PLOT  OF  MEAN  hFE|  AT  25°C  DURING  THE  FIRST  STEP  STRESS  TEST  - 
P/N  772928  - NPN  LOW  POWER  SWITCH 
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test  cells,  indicating  no  discernible  difference  in  their  hp^  degradation  rates. 
The  data  shows  that  the  initial  rate  of  degradation  is  related  to  ambient  tempera- 
ture; however,  after  a period  time  the  rates  appear  constant  for  all  test 
temperatures. 

The  150°C  test  cell  experienced  only  one  hpE^  failure  during  the  4000  hour  life 
test  but  obvious  degradation  trends  allowed  the  use  of  regression  techniques  to 
extrapolate  times  to  failure.  The  cumulative  failure  distributions  for  the  five 
test  cells  are  shown  in  Figures  H10  and  HI  1 . All  show  a good  fit  to  the  lognormal 
failure  distribution,  with  no  indication  of  a distinct  freak  and  main  population. 
Pertinent  failure  distribution  da-ta  is  summarized  in  Table  H8.  The  fact  that  the 
two  highest  temperature  test  cells,  250°C  and  225°C,  had  no  discernible  differences 
in  degradation  rates  indicates  that  the  degradation  rate  does  not  change  above 
some  temperature  between  200°C  and  225°C.  Therefore,  only  the  data  from  the  three 
lower  temperature  cells,  200°C,  175°C,  and  150°C,  were  used  to  establish  the 
parameters  of  the  Arrhenius  equation.  The  Figure  HI 2 Arrhenius  plot  can  be  repre- 
sented by  the  following  equation: 

in  t50,  • -13.17986  ♦ ^ 

Using  the  "pooled"  technique  to  obtain  standard  deviation,  storage  failure  rates 
were  calculated  using  the  following  relationship: 


1 fin  t + 13.17986  - 

exp  - L kT  J 

2(0.761 )2 


h 

[in  t'  + 13.17986  - 

' 1 

oo  i— 
o ^ 

2 “j 

A f 

exp  o 

2(0.761) 

The  Figure  H13  plot  of  a 20-year  storage  failure  rate  as  a function  of  temperature 
has  a *(t)  ^ of  5.662  x 10  ^ failures  per  hour  in  the  temperature  range  of 
interest. 
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TABLE  H8.  SUMMARY  DATA  - P/N  772928  - 
NPN  LOW  POWER  SWITCH 


TEST 

VOLTAGE 

(VOLTS) 

ta 

(°C) 

ZERO 

250 

ZERO 

225 

ZERO 

200 

ZERO 

175 

ZERO 

150 

STANDARD 

DEVIATION 

(HOURS) 

NUMBER 

OF 

FAILURES 

1.1 

26 

0.71 

30 

0.951 

28 

0.764 

19 

0.523 

1* 

♦SUPPLEMENTED  BY  29  EXTRAPOLATED  TIMES  TO  FAILURES. 
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The  preliminary  part  drawing  for  P/N  772928  specified  a storage  temperature  range* 
of  -65°C  to  +200°C  and  a maximum  junction  temperature  of  200°C.  This  particular 
lot  of  parts  is  not  capable  of  meeting  these  criteria.  A high  temperature  lot 
sampling  test  would  quickly  reveal  if  the  hpE1  degradation  mechanism  is  included 
in  parts  processed  for  production.  Figure  H9  shows  that  after  100  hours  of  life 
testing  at  200°C  the  average  value  of  hpE1  for  30  parts  had  decreased  to  less  than 
50%  of  the  initial  value.  Since  the  life  tests  did  not  reveal  any  discernible 
"freak"  population,  a 100  lot  screening  test  for  this  particular  failure 
mechanism  would  not  be  appropriate. 

H9. 0 CONCLUSIONS  AND  RECOMMENDATIONS 

o This  particular  lot  of  parts  is  not  capable  of  reliable  performance  at 
the  specified  storage  and  junction  temperature  requirements.  A lot 
screening  test  for  production  parts  (100  hours  at  200°C)  would  quickly 
reveal  if  the  failure  mechanisms  causing  hpE^  degradation  is  present, 
o Any  electrical  test  which  reverses  biases  or  avalanches  the  emitter  base 
junction  will  result  in  an  improvement  in  the  hpE^  parameter.  Addi- 
tionally, if  there  are  conductive  paths  between  the  collector  and 
emitter,  a BV^q  test  will  give  the  same  result.  Any  lot  sampling  test 
evaluating  hpE^  degradation  mechanism  should  exclude  measurement  of 
BVpBo > BVpBQ,  IqBq>  and  I^g  to  preclude  possible  reversal  of  the 
degradation  mechanism. 

o This  device  has  a cal cul ated  x (t) ^ of  5.662  x 10  ^ failures  per  hour 
in  the  storage  temperature  range  of  interest, 
o No  "freak"  population  is  evident. 

o Additional  lot  testing  is  recommended  to  determine  extent  of  lot  to  lot 
variabil ity. 
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n . 0 PART  DESCRIPTION 

The  PNP  Low  Power  Amplifier,  P/N  772929,  is  a beam  lead  transistor,  type  2N2907, 
mounted  in  a three  lead  TO- 1 8 package.  The  die  was  manufactured  by  Raytheon 
Company,  Semiconductor  Division.  This  test  configuration  is  different  from  the 
SAM-D  use  configuration. 

12.0  CONSTRUCTION  ANALYSIS 

Table  II  summarizes  the  pertinent  construction  details  of  this  device  and 
Figures  II  and  12  provide  a photograph  of  the  external  construction  and  a terminal 
diagram.  Two  photographs,  one  of  the  die  mounted  in  the  package  and  one  of  the 
die  topography,  are  provided  in  Figure  13.  Testing  was  not  restricted  below  300°C 
by  cne  materials  contained  in  this  device. 

The  typical  SAM-D  configuration.  Figure  14,  has  the  beam  l^ad  die  bonded  to  the 
metallization  on  a ceramic  substrate. 

13.0  ELECTRICAL  TEST  CRITERIA 

The  electrical  tests  for  this  device  are  summarized  in  Table  12.  The  emitter-base 
breakdown  voltage  test  was  deleted  following  the  initial  test  to  avoid  avalanching 
the  emitter-base  junction.  Special  testing  indicated  that  avalanching  this 
junction  resulted  in  hp^  degradation. 

14.0  BIAS  CIRCUIT  ANALYSIS 

The  three  Figure  15  bias  circuits  were  examined  for  current/voltage/temperature 
relationships.  All  of  the  bias  circuits  had  a voltage  on  the  collector  and  the 
base  grounded.  The  emitters  of  bias  circuits  1,  2,  and  3 were  open,  grounded  and 
-1.0  volt,  respectively.  With  the  collectors  maintained  at  -60  volts,  bias 
circuit  3,  as  shown  in  Figure  15,  required  less  supply  current  than  the  other  bias 
circuits  at  elevated  temperatures  and  was,  therefore,  selected  the  candidate  life 
test  circuit.  The  maximum  collector  voltage  would  be  -60  volts  but  the  determina- 
tion of  a maximum  ambient  temperature  was  delayed  until  the  completion  of  the 
step  stress  test.  Current  limiting  resistors  of  15K  ohms  were  used  to  avoid 
catastrophic  damage  in  the  event  of  device  failure. 
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TABLE  II.  PART  CONSTRUCTION  DETAILS  - P/N  772929  - PNP  LOW  POWER  AMPLIFIER 


A.  I DENT  I FI  CATION 

1.  Part  Name:  PNP  Low  Power  Amplifier  (2N2907) 

2.  Part  Manufacturer:  Raytheon  Co.,  Semiconductor  Division 

3.  Part  Number:  772929 

4.  Date  Code:  7527 

B.  PACKAGE 

1.  Type:  3_Lead,  TO- 1 8 (Drawing  No.  757433) 

2.  Weight:  0 . 3 1 6 gram 

3 . Ma  ter  ia 1 s : 

a)  Cap:  Steel 

b)  Header:  Kovar,  gold-plated 

c)  Leads:  Kovar,  gold-plated 

d)  Cap  Seal : Weld 

e)  Lead  Sea  1 : G 1 ass 

C.  INTERNAL  GEOMETRY 

1.  Interconnections:  Beam  leads  bonded  to  gold-plated  header 

2.  Die: 

a)  Type:  Silicon,  planar  (Beam  Lead) 

b)  Scribe  Method:  Etch 

c)  Dimension:  0.0032  inch  x 0.0032  inch 

d)  Passivation:  Silicon  Nitride  over  Silicon  Dioxide 

3.  Meta  1 1 i zat ion  Type:  Go  1 d/T i tan i um/P 1 at i num 
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A 

V 


3. 8X 

FIGURE  II.  EXTERNAL  CONSTRUCTION  - 
P/N  772929  - PNP  LOW 
POWER  AMPLIFIER 


E 


FIGURE  12.  SYMBOL  AND  TERMINAL 

DIAGRAM  - P/N  772929  - 
PNP  LOW  POWER  AMPLIFIER 


VIEW  WITH  LID  REMOVED  DIE  TOPOGRAPHY 


FIGURE  [ 3 . INTERNAL  CONSTRUCTION  DETAILS  - P/N  772929  - 
PNP  LOW  POWER  AMPLIFIER 
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TABLE  12.  ELECTRICAL  TEST  CONDITIONS  - P/N  772929  - 
PNP  LOW  POWER  AMPLIFIER 


TEST 

SYMBOL 

MIL-STD-750 

CONDITIONS 

Ta=+25°C 

T =+l 50°C 
A 

NO. 

MIN 

MAX 

MIN 

MAX 

UNITS 

1 

bvcbo 

3001 
COND.  D 

lr  = lOyA 

75 

- 

A 

Vdc 

2 

8VEB0  A 

3026  A 

COND.  D 

lE  = 10mA 

5 

A 

- 

Vdc 

3 

bvceo 

301  1 A 

COND.  D 

1 c = 1 OmA 

75 

A 

- 

Vdc 

1 CEX 

3041 
COND.  A 

VCE  = 30V;Vbe  = 0.5V 

50 

A 

nA 

5 

1 CBO 

3036 
COND.  D 

VCB  = 50V 

20 

- 

20 

nA 

6 

1 B (OFF) 

-- 

VCE  = 30V;Vbe  - 0.5 

- 

50 

- 

A 

nA 

7 

hfe, 

3076  A 

VCE  = 1 OV ; 1 c = 1.0mA 

75 

A 

- 

8 

HFE2 

3076  A 

VCE  = 1 OV ; 1 c = 1.0mA 

100 

A 

- 

- 

9 

HFE3 

3076  A 

VCE  = 1 OV ; 1 c = 10mA 

100 

- 

A 

_ 

- 

10 

1 EBO 

3061  A 

COND.  D 

. .. 

VEB  = 3.0V 

A 

- 

A 



_ 

nA 

/K  THIS  TEST  WAS  ELIMINATED  AFTER  THE  INITIAL  TEST. 

A EQUIVALENT  TEST  CONFIGURATION 

/K  LIMITS  NOT  SPECIFIED  BY  PART  DRAWING  - MEASUREMENT  MADE  FOR  INFORMATION  ONLY. 

INITIAL  AND  FINAL  TEST  CONDUCTED  AT  +25°C  AND  +150°C.  INTERIM  TEST  CONDUCTED 
AT  +25°C. 
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15.0  STEP  STRESS  TEST  RESULTS 

A step  stress  test  was  performed  on  twenty  devices  configured  in  bias  circuit  3 
with  -60  volts  on  the  collectors.  Four  steps  of  sixteen  hours  at  25°C  intervals, 
starting  at  200°C  and  concluding  at  275°C,  were  accomplished  with  only  one 
failure,  after  the  last  step.  Figure  16  contains  a summary  of  the  step  stress 
test  results. 


Bias  circuit  3 and  -60  volts  were  considered  acceptable  conditions  for  the  life 
test.  The  step  stress  results  indicated  that  an  ambient  temperature  of  275°C 
would  be  acceptable,  but  the  bias  circuit  evaluation  demonstrated  that  the 
collector  current  was  relatively  high  and,  more  importantly,  would  increase 
greatly  with  small  excursions  of  oven  temperature.  Therefore,  it  was  decided  that 
one  cell  at  maximum  voltage  would  be  operated  at  275°C  and  three  cells  operated 
at  250°C  with  collector  voltages  of  -60  volts,  -30  volts  and  0 volt  (storage  cell) 
The  fifth  cell  would  be  a maximum  voltage  cell  at  225°C  ambient  temperature. 

16.0  LIFE  TEST  CONDITIONS  AND  RESULTS 

The  life  test  conditions,  as  discussed  in  the  previous  paragraph,  are  tabulated 
in  Figure  16.  The  4000  hour  life  test  was  completed,  producing  eleven  failures; 
five  in  Cell  1,  two  in  Cell  2,  zero  in  Cell  3,  three  in  Cell  4 and  1 in  Cell  5. 
Table  13  is  a summary  of  the  life  test  results. 


17.0  FAILURE  ANALYSIS 

A summary  of  the  failure  analysis  results  is  provided  in  Table  14. 


ICBO  Failures  - Nine  parts  exhibited  excessive  I^q  during  life  test.  The  values 
of  IrDn  ranged  from  21  nanoamperes  to  26  microamperes.  Three  of  these  parts  also 
exhibited  excessive  I qqq - Curve  tracer  tests  of  failed  parts  disclosed  a 
channeled  reverse  collector-base  characteristic,  as  illustrated  in  Figure  17, 
which  is  usually  indicative  of  surface  instability.  However,  the  parts  did  not 
recover  when  baked  and  several  parts  exhibited  erratic  or  intermittent  leakage 
during  the  life  test  or  during  curve  tracer  testing,  all  of  which  indicated  that 
the  leakage  was  mechanical  in  nature  rather  than  surface  related.  After  delidding 
the  collector-base  junction  would  exhibit  a completely  normal  characteristic  when 
the  beam-lead  die  was  removed  from  the  header  or  if  the  die  simply  was  nudged  with 
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STEP  STRESS  AND  LIFE  TEST  CIRCUIT 


STEP  STRESS  TEST  - FAILURE  SUMMARY  (20  DEVICES) 


AMBIENT  TEMP  (°C) 

V») 

CUMULATIVE  FAILURES 

200 

'60 

0 

225 

-GO 

0 

250 

'60 

0 

275 

'60 

I 

LIFE  TEST  CONDITIONS 


TEST  CELL 
NUMBER 

ta 

AMBIENT 

TEMPERATURE 

(°c) 

vc 

COLLECTOR-BASE 

VOLTAGE 

(VOLTS) 

•c 

COLLECTOR 

CURRENT 

(MICROAMPS) 

Pd 

POWER 

DISSIPATION 

(MICROWATTS) 

L 

JUNCTION 

TEMPERATURE 

(°c) 

1 

275 

-60 

9-2 

550 

275 

2 

250 

-60 

3-6 

220 

250 

3 

250 

-30 

3.0 

90 

250 

A 

250 

0 

0 

0 

250 

5 

225 

-60 

1.5 

90 

225 

FIGURE  16.  STEP  STRESS  RESULTS  AND  LIFE  TEST  CONDITIONS  - P/N  772929  - 
PNP  LOW  POWER  AMPLIFIER 
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TABLE  13.  LIFE  TEST  SUMMARY  - P/N  772323  - PNP  LOW  POWER  AMPLIFIER 


TEST 

CELL  DESCRIPTION 

CUMULATIVE 

FAILURES 

AT  HOURS  OF 

TEST 

CELL 

NO 

APPLIED 

BIAS 

AMBIENT 

TEMP 

QUANT  1 TY 

k 

8 

16 

32 

64 

128 

256 

512 

1000 

2500 

•<000 

1 

60  VDC 

275°C 

30 

1 

1 

1 

1 

1 

1 

1 

3 

3 

k 

5* 

2 

60  VDC 

250°C 

30 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

2 * 

3 

30  VDC 

250°C 

30 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0* 

0 VDC 

250°C 

30 

0 

1 

1 

1 

1 

1 

1 

1 

3 

3 

3* 

5 

60  VDC 

225°C 

30 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1* 

* TEST  TERMINATED 


TABLE  Ik.  FAILURE  ANALYSIS  SUMMARY  - P/N  772929  - PNP  LOW  POWER  AMPLIFIER 


A. 

FAILED  PARAMETERS  OR  SYMPTOM 

QUANTITY  OF  FAILURES  AND  TIME  OF  FAILURE  (HOURS) 

B. 

FAILURE  MODE 

275°C 

250°C 

225°C 

C. 

FAILURE  MECHANISM 

60V 

60V 

30  V 

OV 

60V 

D. 

CAUSE  OF  FAILURE 

CELL  I 

CELL  2 

CELL  3 

CELL  4 

CELL  5 

A. 

ICBO  AND  ICEX 

104 

1064 

108 

104 

B. 

DIE-TO-HEADER  LEAKAGE 

20512 

201000 

C. 

HEADER  BURRS 

104000 

D. 

PROCESSING  ERROR 

A. 

hFE2 

104000 

B. 

INITIALLY  MARGINAL 

C. 

NOT  DETERMINED 

D. 

PROCESS  INDUCED  DEFICIENCY 

A. 

hFEl 

102500 

B. 

DEGRADED  B-E  JUNCTION 

C. 

BULK  AND  SURFACE  RELATED 

D. 

NOT  DETERMINED 

TOTAL  NUMBER  OF  FAILED  PARTS 

5 

2 

0 

3 

1 

no 
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a probe.  Detailed  examinations  of  the  die  and  the  header  disclosed  only  one 
probable  explanation  for  the  intermittent  leakage.  All  nine  parts  contained  metal 
burrs  around  the  header  cutout  and  the  emitter  and  the  base  posts,  as  illustrated 
in  Figure  18.  Loose  burrs  or  burrs  protruding  from  the  header  (the  collector 
terminal)  or  the  base  post  probably  bridged  the  collector-base  metallizations  on 
the  die,  causing  the  leakage.  Scratch  marks  on  the  headers  indicated  that  the 
headers  had  been  lapped  to  grind  the  emitter  and  base  posts  flush  with  the  header. 
Th  burrs  probably  were  generated  as  a result  of  this  lapping  operation. 

Failures  - One  part  failed  cue  to  low  hp^  (97)  at  the  4000  hour  test  point  in 
Cell  2.  The  low  hpp£  was  not  bake  reversible  and  the  part  exhibited  an  abnormally 
low  and  marginal  value  of  hp^  (117)  upon  receipt,  which  indicated  that  the  part 
probably  contained  a bulk  deficiency  introduced  during  manufacturing.  Routine 
examinations  of  the  die  did  not  disclose  the  deficiency,  thus  the  exact  failure 
mechanism  was  not  established. 

One  part  failed  due  to  low  hp^  (56)  at  2500  hours  in  Cell  1.  Curve  tracer  tests 
established  that  the  low  hpp^  was  caused  by  degradation  of  the  base-emitter  junc- 
tion. After  an  unpowered  bake  hpE^  improved  to  85,  which  is  within  specification 
but  only  47%  of  the  as-received  value  (182).  This  indicated  that  the  failure 
mechanism  was  probably  both  surface  and  bulk  related.  Because  this  was  a single, 
isolated  failure  of  this  type,  the  part  was  not  investigated  further. 

18.0  DATA  CORRELATION 

The  Table  14  Failure  Analysis  Summary  attributes  nine  of  the  eleven  test  failures 
to  burrs  on  the  header,  a condition  which  is  peculiar  to  the  test  configuration 
and  not  applicable  to  SAM-D  usage.  These  nine  failures  were  discounted  for  evalu- 
ation purposes.  Of  the  two  remaining  test  failures,  the  hpp^  degradation  was 
attributed  to  a combination  of  bulk  and  surface  mechanisms,  and  the  hp^^  failure 
was  probably  the  result  of  an  initially  marginal  part  combined  with  a process 
induced  deficiency. 

Since  the  two  hpp  failures  are  insufficient  for  failure  distribution  analysis, 
parameter  trends  were  investigated  for  possible  extrapolation  of  times  to  failure. 
Figure  19  shows  the  hpp-j  degradation  pattern  for  three  of  the  test  cells.  The 
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ICB0  FAILURE  AFTER  DEL  I DD I NG  SHOWING  THE  METAL  BURRS  (ARROWS)  ON 
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FIGURE  17.  EXAMPLE  OF  THE  REVERSE  COLLECTOR-BASE  DEGRADATION  DISPLAYED  BY 
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FIGURE  19-  NORMALIZED  hFE,  TIME/TEMPERATURE  DEGRADATION  - P/N  772929 
PNP  LOW  POWER  AMPLIFIER 
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zero  volt  250°C  data  would  indicate  the  hppl  degradation  mechanism  is  primarily 
influenced  by  test  temperature  and  not  test  voltage.  This  conclusion  is 
corroborated  by  two  biased  test  cells  (60  volts  and  30  volts)  at  250°C.  Each 
experienced  hpp^  degradation  rates  very  similar  to  the  zero  volt  cell. 

Two  degradation  models,  linear  time  and  log  time,  were  investigated  and  both  were 
found  to  adequately  describe  the  data  with  a high  degree  of  correlation.  The 
linear  degradation  model  was  selected  because  it  provided  both  the  best  data 
correlation  and  the  most  conservative  estimate  of  failure  times.  The  cumulative 
failure  distribution  for  each  test  cell,  using  extrapolated  times  to  failure,  is 
shown  in  Figures  110  and  111.  All  show  a good  fit  for  the  lognormal  failure 
distribution.  No  "freak,"  or  infant  mortality,  population  is  evident.  The 
pertinent  distribution  data  is  summarized  in  Table  15.  Since  the  data  of  the 
three  250°C  test  cells  suggest  that  temperature  may  be  the  predominant  accelerator, 
their  data  was  pooled  for  analysis  purposes. 


The  Figure  112  Arrhenius  plot  reflects  Cells  1,  5 and  the  "pooled"  Cells  2,  3 ano 
4.  The  Arrhenius  equation  is: 


In  t 


50% 


= 0.28054  + 


0.43 

kT 


Instantaneous  failure  rates  were  calculated  using  the  following  relationship: 


A(t) 


1 

t 6XP  ■ 


In 


t - 0.28054  - 


0.43' 
kT  . 


I: 


2(0.34)* 


I 

t' 


exp 


i2 


In  t1  - 0.28054  ■ 
2(0.34 )‘ 


0.43 
kT  J 


dt 1 


The  maximum  calculated  X(t)  over  the  storage  temperature  range  (25°C  to  100CC) 
for  a 20-year  period  is  2.9  x 10  ^ failures  per  hour.  This  conservative  estimate 
reflects  a good  storage  reliability  potential  for  this  transistor. 
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1 2 5 10  20  30  40  SO  60  70  80  90  95  98  99 

CUMULATIVE  PERCENTAGE  FAILURES  (X) 


1 2 5 10  20  30  40  SO  60  70  80  90  95  98  99 


CUMULATIVE  PERCENTAGE  FAILURES  (X) 

FIGURE  110.  CUMULATIVE  FAILURE  DISTRIBUTIONS  FOR  CELL  1 (TOP) 
AND  CELL  2 (BOTTOM)  - P/N  772929  - PNP  LOW  POWER 
AMPLIFIER 
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OMAATKt  naCOTMt  FMIWU  (!) 

FIGURE  III.  CUMULATIVE  FAILURE  DISTRIBUTIONS  FOR  CELL  3 (TOP),  CELL  L 
(MIDDLE)  AND  CELL  5 (BOTTOM)  - P/N  772929  ' PNP  LOW 
POWER  AMPLIFIER 
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TABLE  15.  SUMMARY  DATA  - P/N  772929  - 
PNP  LOW  POWER  AMPLIFIER 


CELL 

NO. 

TEST 

VOLTAGE 

(VOLTS) 

NUMBER 

0F  A 

FAILURES^ 

ta 

(°C) 

TJ 

(°C) 

MEDIAN 

LIFE 

(HOURS) 

STANDARD 

DEVIATION 

(HOURS) 

1 

-60 

29 

275 

275 

12,504 

0.42 

2 

-60 

30 

250 

250 

15,551 

0.42 

3 

-30 

30 

250 

250 

14,203 

0.23 

4 

ZERO 

29 

250 

250 

18,266 

0.28 

5 

-60 

29 

225 

225 

29,254 

0.25 

(2,  3,  4, 
Pooled) 

-- 

89 

250 

250 

16,007 

0.32 

A Except  for  one  Cell  1 test  failure,  all  other  failures  are  extrapolated. 
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FIGURE  112.  ARRHENIUS  PLOT  - F/N  772929  - 
NPN  LOW  POWER  AMPLIFIER 
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The  preliminary  part  specification,  P/N  772929,  specifies  a maximum  storage  or 
junction  temperature  of  200°C.  The  Figure  112  Arrhenius  plot  shows  the  projected 
median  median  life  to  be  less  than  a 20-year  storage  time  (175,320  hours)  at 
temperatures  above  150°C,  suggesting  a reduction  in  the  specified  maximum  allow- 
able storage  and  junction  temperature  to  125°C. 

19.0  CONCLUSIONS  AND  RECOMMENDATIONS 

o This  transistor  will  experience  h^  degradation  as  a function  of  time 
and  temperature.  However,  the  rate  displayed  by  this  particular  lot 
I of  parts  results  in  degradation  which  would  not  be  significant  in  a 

20-year  time  period  at  temperatures  up  to  100°C.  If  this  is  typical 
performance,  this  part  has  a good  storage  reliability  potential, 
o A short  term  high  temperature  sampling  test  (225°C,  100  hours)  of 
production  lots  would  provide  a good  monitor  for  the  integrity  of  the 
part.  More  than  10%  hp^  degradation  would  indicate  atypical 
performance. 

o The  preliminary  part  specification  identifies  the  maximum  storage  and 
junction  temperature  as  200°C.  This  may  be  too  high  and  should  be 
investigated. 
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J 1 . 0 PART  DESCRIPTION 

This  NPN  Low  Power  Amplifier,  P/N  773052,  is  a conventional  chip  and  wire  transis- 
tor, type  2N5652,  manufactured  by  KMC  Semiconductor  Corporation,  and  packaged  in 
a four  lead  TO-72  can  for  the  test  program.  The  test  configuration  is  different 
from  the  SAM-D  use  configuration. 

J2.0  CONSTRUCTION  ANALYSIS 

The  pertinent  physical  details  of  the  test  configuration  are  summarized  in 
Table  J1 . Figures  J1  and  J2  provide  an  external  photograph  and  a functional 
schematic  of  the  device.  A view  with  the  lid  removed  and  the  die  topography  are 
provided  in  Figure  J3.  The  device  contains  no  materials  that  limited  testing 
below  300°C. 

The  typical  SAM-D  configuration  is  pictured  in  Figure  J4.  It  consists  of  the  die 
mounted  in  a "pill  box"  package  that  is  mounted  to  a ceramic  printed  circuit 
board. 


J3.0  ELECTRICAL  TEST  CRITERIA 


A BV^gQ  test  was 


The  electrical  test  conditions  are  summarized  in  Table  J2. 
included  for  information  purposes.  Performance  of  this  test  did  not  result  in  any 
part  degradation  as  evidenced  by  the  stability  of  the  control  sample. 


J4.0  BIAS  CIRCUIT  ANALYSIS 

Four  bias  circuits  are  illustrated  in  Figure  J5  with  collector  current  versus 
ambient  temperature  plots  for  each.  The  collector  currents  of  bias  circuits  1 and 
2 are  substantially  lower  than  those  of  bias  circuits  3 and  4 at  elevated  ambient 
temperatures.  Bias  circuit  2 was  selected  the  candidate  life  test  bias  circuit 
because  it  required  fewer  external  parts  and  power  supplies.  The  maximum  ambient 
temperature  and  collector-base  voltage  tentatively  selected  for  the  accelerated 
life  test  were  270°C  and  20  VDC.  A 12K  ohm  current  limiting  resistor  was  used  to 
preclude  catastrophic  damage  in  the  event  of  device  failure. 


J5 . 0 STEP  STRESS  TEST  RESULTS 

Twenty  devices  in  bias  circuit  2,  V^  = 20  VDC,  were  subjected  to  a step  stress  test 
consisting  of  five  16  hour  steps  at  25°C  intervals  starting  at  175°C  and  concluding 
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TABLE  Jl.  PART  CONSTRUCTION  DETAILS  - P/N  773052  - 
NPN  LOW  POWER  AMPLIFIER 


A.  IDENTIFICATION 

1.  Part  Name:  NPN  Low  Power  Amplifier  (2N5652) 

2.  Part  Manufacturer:  KMC  Semiconductor  Corp. 

3.  Part  Number:  773052 

4.  Date  Code:  264 

B.  PACKAGE 

1.  Type:  4-Lead,  TO-72 

2.  Weight:  0.341  gram 

3 . Mater  ia 1 : 

a)  Cap:  Steel 

b)  Header:  Kovar,  gold-plated 

c)  Leads:  Kovar,  gold-plated 

d)  Cap  Sea  1 : Weld 

e)  Lead  Sea  1 : Glass 

C.  INTERNAL  GEOMETRY 

1.  Interconnections: 

a)  Type:  Aluminum  Wire 

b)  Diamete1  : 0.007  inch 

c)  Bonds: 

1)  Aluminum-aluminum  ultrasonic  at  the  die 

2)  Aluminum-gold  ultrasonic  at  the  post 

2.  Die: 

a)  Type:  Silicon,  Planar 

b)  Scribe  Method:  Mechanical 

c)  Dimensions:  0.015  inch  x 0.015  inch 

d)  Attach  Method:  Gold  Eutectic 

e)  Passivation:  Silicon  Dioxide 

3.  Metallization  Type:  Aluminum 
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30X  (SEM) 


VIEW  WITH  LID  REMOVED 


DIE  TOPOGRAPHY 


FIGURE  J3.  INTERNAL  CONSTRUCTION  DETAILS  - P/N  773052  - 
NPN  LOW  POWER  AMPLIFIER 


BOTTOM  VIEW 


A.5X 


FIGURE  Jl.  EXTERNAL  CONSTRUCTION  - 

P/N  773052  - NPN  LOW  POWER 
AMPI  IFIER 


FIGURE  J2 . SYMBOL  AND  TERMINAL  DIAGRAM 
P/N  773052  - NPN  LOW  POWER 
IFIER 
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EQUIVALENT  TEST  CONFIGURATION 

LIMITS  NOT  SPECIFIED  BY  PART  DRAWING  - MEASUREMENT  MADE  FOR  INFORMATION  ONLY 

INITIAL  AND  FINAL  TEST  CONDUCTED  AT  +25°C,  +100°C  AND  -55°C.  INTERIM  TEST 
CONDUCTED  AT  +25°C. 
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at  275°C.  Ten  hpp^  degradation  failures  were  generated.  The  step  stress  test  is 
summarized  in  Figure  J6  and  the  failures  are  discussed  in  Paragraph  J7.0.  The 
bias  circuit  and  life  test  condition  limits  were  considered  acceptable  for  the 
accelerated  life  test  program. 

J6.0  LIFE  TEST  CONDITIONS  AND  RESULTS 

The  life  test  conditions  for  each  cell  are  summarized  in  Figure  J6.  The  maximum 
temperature  was  initially  selected  as  270°C.  However,  the  oven  was  erroneously 
set  to  263°C  as  the  test  started;  this  temperature  was  acceptable  and  no  change 
was  made.  Since  this  was  a part  selected  for  a voltage  sensitivity  analysis. 

Cells  1 through  4 were  at  the  same  maximum  temperature  with  various  applied  bias 
levels,  including  zero.  As  shown  in  the  Table  J3  summary,  all  5 test  cells 
experienced  50"  failures  within  128  hours.  However,  the  life  tests  were  continued 
beyond  the  50%  failure  point  to  provide  additional  data.  Cells  1 and  2 were 
terminated  after  32  hours  with  over  80%  failures.  Cells  3,  4 and  5 were  halted 
after  256  hours  (80%  failures),  1000  hours  (83%  failures),  and  4000  hours  (87% 
failures),  respectively.  Early  in  the  life  tests,  the  occurrence  of  failures 
appeared  to  be  demonstrating  a voltage  sensitivity.  When  Cells  1 and  2 were 
terminated,  the  opportunity  arose  to  initiate  two  more  cells  (cells  6 and  7)  to 
obtain  additional  information.  Cells  6 and  7 were  added  to  the  life  test  program 
and  proceeded  to  2500  hours  (67%  failures)  and  8000  hours  (43%  failures),  respec- 
tively. Because  of  the  rapid  hpp  degradation,  additional  electrical  tests  were 
accomplished  at  0.5,  1.0  and  2.0  hours.  Cell  7 was  extended  to  8000  hours  and 
provided  additional  useful  failure  data. 

J7.0  FAILURE  ANALYSIS 

Table  J4  is  a summary  of  the  failure  analyses  results. 

Surface  Instability  Failures  - One  hundred  and  fifty-four  (154)  life  test  parts 
and  10  step  stress  parts  failed  because  hp^  had  decreased  to  less  than  the  speci- 
fied minimum  limit  of  40.  Failure  of  hpp^  was  o^ten  accompanied  by  failure  of 
hpp^  but  no  other  parameter  was  out  of  tolerant  or  showed  any  significant  shift. 
Unpowered  bakes  of  failed  parts  established  that  two  mechanisms,  one  reversible 
and  one  nonreversible,  were  responsible  for  the  gain  decrease.  In  general,  the 
early  failures  in  the  powered  cells  were  due  to  the  reversible  mechanism  and  all 
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STEP  STRESS  AND  LIFE  TEST  CIRCUIT 


STEP  STRESS  TEST  - FAILURE  SUMMARY  (20  DEVICES) 


AMBIENT  TEMP  (°C) 

vc  (V) 

CUMULATIVE  FAILURES 

175 

20 

A 

200 

20 

A 

225 

20 

5 

250 

20 

7 

275 

20 

10 

LIFE  TEST  CONDITIONS 


TEST  CELL 
NUMBER 

ta 

AMBIENT 

TEMPERATURE 

(°c) 

vc 
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VOLTAGE 

(VOLTS) 

C 

COLLECTOR 

CURRENT 

(MICROAMPS) 

Pd 

POWER 

DISSIPATION 

(MICROWATTS) 

TJ 

JUNCTION 

TEMPERATURE 

(°c) 

1 

263 

20 

A. 6 

92 

263 

2 

263 

13 

3. A 

AA 

263 

3 

253 

6 

1.6 

10 

263 

A 

263 

0 

0 

0 

263 

5 

225 

20 

1 . 1 

22 

225 

6 

225 

6 

0.2 

1 

225 

7 

225 

0 

0 

0 

225 

FIGURE  J6 . STEP  STRESS  RESULTS  AND  LIFE  TEST  CONDITIONS  - P/N  773052  - 
NPN  LOW  POWER  AMPLIFIER 
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other  failures  were  due  to  the  nonreversible  mechanism  or  a combination  of  both 
mechanisms.  Examples  of  typical  bake  results  are  presented  in  Tables  J5  and  J6. 
If  hp^  recovered  to  the  prestress  value,  the  part  was  classified  as  reversible. 
If  hpp-j  did  not  improve  or  did  not  recover  sufficiently,  the  part  was  classified 
as  nonreversible. 


Analysis  of  nonreversible  failures  established  that  the  low  hpp^  was  caused  by 
degradation  of  the  emitter-base  junction.  Figure  J7  illustrates  the  degradation 
displayed  by  the  emitters  of  two  failed  transistors.  Trace  1 is  the  forward 
base-emitter  I-V  characteristics  of  an  unstressed  transistor.  All  normal, 
unstressed  transistors  exhibit  thi  s Vrf  characteristic,  regardless  of  their  value 


of  h 


FEV 


'BE 

Trace  2 is  the  Vgp  characteristic  of  a transistor  whose  hp^  had 


decreased  from  45  (prestress)  to  20  during  life  test.  Trace  3 is  the  Vgp  charac- 
teristic of  a transistor  whose  hp^  had  decreased  from  63  to  14  during  life  test. 
Because  this  transistor  contains  "washed"  emitters,  it  was  suspected  that  the 
degradation  involved  "softening"  of  the  emitter  junction  due  to  aluminum  migration 
and  penetration  of  the  junction.  However,  optical  and  SEM  examinations  of 
unetched  and  etched  emitters  and  cross  sections  of  emitters  disclosed  no  evidence 
of  lateral  or  vertical  aluminum  penetration.  Furthermore,  many  failed  parts  were 
left  on  test  and  hp^  of  these  parts  eventually  saturated  at  low,  but  non- 
catastrophic,  values.  If  aluminum  penetration  was  occurring,  the  emitter  junction 
should  have  eventually  shorted.  Therefore,  the  degradation  was  attributed  to  a 
surface  related  mechanism  rather  than  any  bulk  phenomenon.  Because  the  instability 
was  not  bake  reversible,  the  degradation  probably  was  due  to  an  increase  in  the 
surface  state  density  at  the  Si /Si 0^,  interface.  Surface  states  in  the  vicinity  of 
the  emitter  junction  generate  carrier  recombination  that  reduces  the  gain  of  the 
transistor.  Certain  thermal  oxidation  techniques  (such  as  steam  growth)  and 
processing  steps  can  result  in  an  initially  low  surface  state  density  that  can 
increase  if  the  oxide  is  subsequently  heated  in  a dry  atmosphere. 


Analysis  of  the  bake  reversible  failures  established  that  the  low  hpE)  of  these 
parts  was  also  due  to  degradation  of  the  emitter-base  junction.  The  transistors 
displayed  a degraded  forward  base-emitter  characteristic  prior  to  bake,  as 
illustrated  in  Figure  J8,  and  the  degradation  was  usually  more  severe  than  that 
displayed  by  the  nonreversible  failures.  In  many  instances,  the  emitter-base 
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FIGURE  J7-  FORWARD  BASE-EMITTER  CHARACTERISTICS  OF  TWO  FAILED 
TRANSISTORS  (TRACES  2 AND  3)  AND,  FOR  COMPARISON, 

A NORMAL  UNSTRESSED  TRANSISTOR  (TRACE  I)  - 
P/N  773052  - NPN  LOW  POWER  AMPLIFIER 


FIGURE  J8.  FORWARD  BASE-EMITTER  CHARACTERISTICS  OF  A FAILED 
TRANSISTOR  (L/H  TRACE)  AND,  FOR  COMPARISON,  A 
NORMAL  UNSTRESSED  TRANSISTOR  (R/H  TRACE)  - 
P/N  773052  - NPN  LOW  POWER  AMPLIFIER 
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junction  displayed  a channeled  reverse  characteristic  as  illustrated  in  Figure  J9. 
The  gain  of  the  failed  transistor  depicted  in  Figures  J8  and  J9  had  dropped  from 
58  to  11  after  one  hour  in  Cell  5.  Reversible  degradation  of  the  emitter  junction 
is  caused  by  depletion  or  inversion  of  the  p-type  base  region  due  to  the  accumula- 
tion of  a net  positive  charge  in  or  on  the  passivation  over  the  base.  The  accumu- 
lation results  from  drift  of  mobile  cation  contamination,  usually  sodium  ions, 
under  the  influence  of  applied  bias  and  elevated  temperature.  During  the  life 
test,  however,  no  extern  1 voltage  was  applied  across  the  emitter-base  junction; 
the  c-b  junction  was  reverse  biased  and  the  emitter  terminal  was  open.  Thus,  any 
bias  across  the  e-b  junction  would  have  had  to  come  from  an  unforeseen  floating 
potential  on  the  emitter.  The  emitter  floating  potential  of  each  failed 
transistor  (nonreversible  as  well  as  reversible)  from  the  powered  cells  was 
measured  using  the  circuit  shown  in  Figure  J10.  All  of  the  nonrevers’ble  failures 
exhibited  emitter  floating  voltages  of  0.7  volt  or  less  (generally  0 V).  All  of 
the  reversible  failures  exhibited  floating  voltages  ranging  from  0.5  volt  to  BVjrgg. 
These  parts  apparently  contained  a conductive  path  between  the  collector  and  the 
emitter  sjch  as  diffusion  spike  or  pipe.  The  resistance  of  the  paths  was  high 
enough  that  it  could  not  be  detected  parametrically  (there  was  no  correlation 
between  I^q  and  the  presence  of  a path),  yet  low  enough  to  cause  some  of  the 
voltage  applied  to  the  collector  terminal  during  accelerated  testing  to  develop 
on  the  emitter. 

Bulk  and  Mechanical  Failures  - One  part  exhibited  catastrophic  values  of  hp^  and 
hpp2  due  to  an  open  collector.  The  open  collector  was  traced  to  separation  of  the 
silicon  die  from  the  header.  Examination  of  the  underside  of  the  die  disclosed 
that  it  contained  an  insufficient  amount  of  die  attach  eutectic  as  shown  in 
Figure  J 11 . The  gold  eutectic  did  not  alloy  properly  to  the  silicon  either  because 
the  backside  of  the  die  was  not  cleaned  properly  or  because  the  bonding  temperature 
was  too  low.  The  problem  was  more  extensive  than  indicated  by  this  single  failure. 
Sample  testing  of  life  test  failures  (that  failed  for  other  reasons)  disclosed  16 
other  parts  with  defective  die  bonds.  These  parts  exhibited  excessive  forward 
drop  from  base  to  collector,  as  illustrated  in  Figure  J12,  and  in  some  instances 
the  die  would  detach  from  the  header  if  nudged  with  a probe.  All  of  these  16 
parts  had  been  exposed  to  temperatures  of  225°C  or  263°C  for  512  hours  or  more, 
suggesting  that  relatively  long  exposure  to  elevated  temperature  was  required  to 
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FIGURE  J9-  EXAMPLE  OF  A CHANNELED  REVERSE  EMITTER-BASE 
CHARACTERISTIC  (L/H  TRACE)  DISPLAYED  BY  A 
FAILED  TRANSISTOR  AND,  FOR  COMPARISON,  THE 
REVERSE  E-B  CHARACTERISTIC  (R/H  TRACE)  OF  A 
NORMAL  TRANSISTOR  - P/N  773052  - NPN  LOW 
POWER  AMPLIFIER 


I 


D U T 


FIGURE  J 10. 


EMITTER  FLOATING  POTENTIAL  MEASUREMENT  CIRCUIT  - 
P/N  773052  - NPN  LOW  POWER  AMPLIFIER 
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FIGURE  Jll.  BACKSIDE  OF  THE  LOOSE  DIE  SHOWING  MINIMAL  AMOUNT  OF 
DIE  ATTACH  EUTECTIC  - P/N  773052  - NPN  LOW  POWER 
AMPLIFIER 


VBC  = 0.5  V/DIV. 

FIGURE  J 1 2 . BASE-COLLECTOR  FORWARD  CHARACTERISTICS  OF  A TRANSISTOR 
WITH  A DEFECTIVE  DIE  BOND  (R/H  TRACE)  AND,  FOR  COMPARI- 
SON, A TRANSISTOR  WITH  A GOOD  DIE  BOND  (L/H  TRACE)  - 
P/N  773052  - NPN  LOW  POWER  AMPLIFIER 
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degrade  the  defective  bonds  to  the  extent  that  the  forward  b-c  drop  was  affected. 
However,  under  actual  usage  conditions  these  parts  probably  would  have  exhibited 
much  shorter  lifetimes.  Operation  at  high  power  dissipation  levels  or  power 
cycling  conditions  would  decrease  the  lifetimes  because  of  impaired  heatsinking 
ability  due  to  the  poor  die  bonds.  Therefore,  it  is  recommended  that  a V^SAT) 
type  test  be  specified  for  this  part  to  monitor  the  electrical  quality  of  the  die 
bond  and  that  appropriate  screening  procedures  be  incorporated  to  monitor  the 
mechanical  integrity  of  the  bond. 

Two  transistors  exhibited  low  gain  and  low  breakdown  voltages  due  to  degraded 
collector-base  and  emitter-base  junctions.  The  degradation  was  traced  to  poor 
diffusion  and  contact  definition,  as  illustrated  in  Figure  J13,  caused  by  photo- 
lithographic or  etch  errors. 

One  part  exhibited  low  BV^q  due  to  a degraded  collector-base  junction.  The 
degradation  was  not  bake  reversible  and  this  part  exhibited  marginal  BV^q  (23V) 
and  abnormally  high  (36  yA)  upon  receipt,  which  indicated  that  the  degrada- 

tion was  caused  by  a bulk  defect  introduced  during  manufacturing.  Chemical 
dissection  of  the  junction  did  not  reveal  the  flaw,  consequently,  the  exact  failure 
mechanism  was  not  established. 

Test  Error  - One  part  exhibited  low  and  BVEBq  due  to  a shorted  emitter-base 
junction.  The  short  was  caused  by  a flashover  spike  composed  of  aluminum,  extend- 
ing from  an  emitter  finger  to  an  adjacent  base  finger,  as  shown  in  Figure  J14. 

The  damage  was  attributed  to  electrical  transients  generated  by  the  test  set 
because  1)  electrical  transients  characteristical ly  produce  this  type  of  damage, 
and  2)  two  control  samples  failed  in  this  same  manner,  which  indicates  that  the 
damage  was  incurred  during  parametric  testing  rather  than  during  accelerated  life. 

J8.0  DATA  CORRELATION 

The  Table  J4  summary  attributes  154  hp£  surface  instability  life  test  failures  to 
either  an  increase  in  surface  state  density  of  the  oxide  or  to  mobile  ionic  con- 
tamination within  the  oxide.  Subsequent  experiments  indicated  the  entire  lot  was 
probably  contaminated  with  mobile  ions.  However,  this  condition  caused  a failure 
only  when  the  emitter-base  Junction  was  reverse  biased  during  the  life  test,  and 
this  only  occurred  when  there  was  a leakage  path  present  from  collector  to  emitter. 
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The  hp£  degradation  experienced  by  the  two  zero  volt  test  cells.  Figure  J15,  was 
attributed  to  a temperature  induced  increase  in  surface  state  density.  This  failure 
mechanism  provided  sufficient  failures  for  statistical  distribution  analysis.  The 
Figure  J16  cumulative  failure  distribution  plots  show  bimodal  failure  distributions, 
i.e.,  both  early  ("freak"  population)  and  late  ("main"  population)  failures.  The 
data  shows  a good  fit  for  the  lognormal  failure  distribution.  Pertinent  distribu- 
tion data  is  summarized  in  Table  J7. 


The  Figure  J17  Arrhenius  plots  of  the  "freak"  and  "main"  populations  can  be 
represented  by  the  following  equations: 


1n  (t50%) freak 
ln  (t50%^main 


-44.563  + 

kT 

-42.649  + 


The  percentage  of  "freaks"  in  the  two  unbiased  cells  is  10.3%.  Therefore,  the  total 
instantaneous  failure  rate,  X(t),  can  be  expressed  as  follows: 


X(t)  = X(t)freak  X (0.103)  + X(t)main  X (0.897) 
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TIME  - HOURS 


FIGURE  J 1 5 . NORMALIZED  hFE)  TIME/TEMPERATURE  DEGRADATION  - 
P/N  773052  - NPN  LOW  POWER  AMPLIFIER 
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CUMULATIVE  PERCENTAGE  FAILURE  (%) 


FIGURE  J 16.  CUMULATIVE  FAILURE  DISTRIBUTIONS  FOR  CELL  k (TOP) 
AND  CELL  7 (BOTTOM)  - P/N  773052  - NPN  LOW  POWER 
AMPLIFIER 
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The  part  specification  for  this  device  has  200°C  as  the  upper  storage  temperature 
limit.  The  data  analysis  reveals  that  the  "freak"  population  will  have  a "short" 
median  lifetime  (T;100,000  hours)  when  stored  at  temperatures  above  150°C.  The 
suitability  of  the  200°C  storage  temperature  limit  should  be  investigated. 

J 9 . 0 CONCLUSIONS  AND  RECOMMENDATI ON S 

o This  part  will  experience  hpp  degradation  as  a function  of  storage  time 

and  temperature.  The  calculated  20  year  maximum  instantaneous  failure 

-1 5 

rate,  x(t)  , (6.973  X 10  failures  per  hour)  appears  acceptable. 

MAX 

o The  die  bond  on  this  part  exhibited  marginal  strength  after  the  accelerated 
life  test.  One  die  came  loose  during  the  test  and  16  others  were  observed 
to  have  defective  bonds.  A Vpp(SAT)  type  test  could  be  used  to  monitor  the 
electrical  quality  of  the  die  bond;  an  investigation  should  also  be 
accomplished  to  establish  if  the  die  bond  degradation  is  applicable  to  the 
SAM-D  configuration. 

o The  entire  lot  was  contaminated  with  mobile  ions  in  the  oxide.  A short 
term  test  (4  hours  with  the  emitter-base  reversed  biased)  at  225°C  will 
detect  this  condition. 

o Tne  part  specification  has  +200°C  as  the  upper  storage  temperature  limit. 
This  limit  should  be  re-assessed  due  to  the  expected  degradation  at 
temperatures  above  150°C. 
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N CHANNEL  FET 
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KY . 0 PART  DESCRIPTION 

The  N Channel  FET,  P/N  772931,  is  a 2N4957  type  beam  lead  junction  field  effect 
transistor  mounted  in  a three  lead  TO-18  package  and  manufactured  by  Raytheon 
Company,  Semiconductor  Division.  This  test  configuration  is  different  from  the 
SAM-D  use  configuration. 

K2 . 0 CONSTRUCTION  ANALYSIS 

The  pertinent  construction  details  for  the  test  configuration  are  tabulated  in 
Table  K1 . Figures  K1  and  K2  provide  an  external  view  and  a terminal  diagram  of 
the  device.  A photograph  of  the  die  mounted  in  the  package  and  the  die  topography 
are  provided  in  Figure  K3.  No  materials  contained  in  this  part  limited  testing 
below  300°C. 


The  typical  SAM-D  configuration  is  pictured  in  Figure  K4.  The  beam  lead  die  is 
bonded  to  the  metallization  of  a ceramic  substrate. 


K3.0  ELECTRICAL  TEST  CRITERIA 

The  electrical  tests  for  this  device  include  all  the  DC  tests  of  772931  and  are 
listed  in  Table  K2. 


K4.0  BIAS  CIRCUIT  ANALYSIS 

One  bias  circuit  was  evaluated  and  found  suitable  for  the  life  test.  The  source 
and  drain  were  grounded  and  a negative  voltage  was  applied  to  the  gate.  Figure  K5 
illustrates  this  bias  circuit  and  provides  plots  of  gate  current  versus  ambient 
temperature  for  gate  voltages  of  -45  volts  and  -17  volts.  Because  the  lower  gate 
voltage  did  not  allow  operation  at  an  appreciably  higher  ambient  temperature,  -40 
volts,  a voltage  near  the  absolute  maximum,  was  chosen  to  be  the  maximum  life  test 
voltage.  An  ambient  temperature  of  200°C  was  selected  as  the  maximum  for  the  life 
test.  A 24K  ohm  current  limiting  resistor  was  used  to  preclude  catastrophic 
damage  in  the  event  of  device  failure. 

K5 . 0 STEP  STRESS  TEST  RESULTS 

A step  stress  test,  consisting  of  three  16  hour  steps  at  ambient  temperatures  of 
175°C,  200°C  and  225°C,  was  performed  on  20  devices,  using  the  biasing  configura- 
tion described  in  Paragraph  K4.0  with  -40  volts  on  the  gates.  The  twelve  step 
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TABLE  K1 . PART  CONSTRUCTION  DETAILS  - P/N  772931  - N CHANNEL  FET 


A.  I DENT  I FI  CATION 

1.  Part  Name:  N Channel  FET  (2N4957) 

2.  Part  Manufacturer:  Raytheon  Co,,  Semiconductor  Div. 

3.  Part  Number:  772931 

4.  Date  Code:  7528 

B.  PACKAGE 

1.  Type:  3-Lead,  TO-18  (Drawing  No.  757430) 

2.  Weight:  0.321  gram 

3-  Materials: 

a)  Cap:  Steel 

b)  Header:  Kovar,  gold-plated 

c)  Leads:  Kovar,  gold-plated 

d)  Cap  Seal : Weld 

e)  Lead  Seal : Glass 

C.  INTERNAL  GEOMETRY 

1.  Interconnections:  Beam  leads  bondea  to  gold-plated  header 

2 . Die: 

a)  Type:  Silicon,  planar  (Beam  Lead) 

b)  Scribe  Method:  Etch 

c)  Dimensions:  0.018  inch  X 0.018  inch 

d)  Passivation:  Silicon  Nitride  over  Silicon  Dioxide 

e)  G1 ass i vat  ion : Silicon  Dioxide  over  interdigi tated  fingers 

3-  Metallization  Type:  Gold/Titanium/Platinum 
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EXTERNAL 


NTERNAL 


30X 

DIE  MOUNTED  IN  SAM-D  CONFIGURATION 

FIGURF  K*4.  TYPICAL  SAM-D  CONFIGURATION  - P/N  773381  - 
N CHANNEL  FET 
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TABLE  K2 . ELECTRICAL  TEST  CONDITIONS  - P/N  772931  - N CHANNEL  FET 


CONDITIONS 

•g  - 

1.0  liA 

VDS  " 

15V; 

VGS  ■ 

10V 

VGS  " 

20V 

VDS  * 

15V; 

>D  * 

1 .OnA 

•o’ 

10  mA 

T *+25°C 

A 


500  nA 

500  - 1000  pA 


' I V (BR) GSS i 

2 I 1 D (OFF) I 

3 I’gssI 

I VGS (OFF)  I 


/R  Equivalent  test  configuration 

A Limits  not  specified  by  part  drawing  - Measurement  made  for  information  only 

Initial  and  final  test  conducted  at  +25°C  and  +150°C.  Interim  test  conducted  at 
+25°C. 
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stress  failures,  summarized  in  Figure  K6,  are  included  in  the  failure  analysis 
discussion  in  Paragraph  K7.0.  The  step  stress  test  conditions  with  a maximum 
ambient  temperature  of  200°C  were  considered  acceptable  for  the  accelerated  life 
test  program. 

K6 . 0 LIFE  TEST  CONDITIONS  AND  RESULTS 

The  life  test  conditions  are  included  in  Figure  K6.  Additional  electrical 
measurements  at  1.0  and  2.0  hours  were  incorporated  to  provide  more  data  on  early 
test  failures.  As  summarized  in  Table  K3,  all  test  cells  completed  4000  hours  of 
life  testing;  however,  at  128  hours  the  life  test  was  delayed  due  to  a group  of 
electrical  overstress  failures.  Replacement  parts  were  subjected  to  the  Cell  1 
and  Cell  5 life  test  conditions  and  advanced  to  the  128  hour  point,  at  which  time 
the  accelerated  life  test  was  resumed. 

During  the  delay  of  the  life  test,  an  effort  was  made  to  determine  the  exact  cause 
of  the  overstress  failures.  The  test  methods  were  reviewed  and  handling  techniques 
were  examined.  It  was  not  determined  whether  the  failures  were  caused  by  static 
electricity  or  by  a transient  during  electrical  testing.  However,  handling 
techniques  used  with  CMOS  devices  were  initiated  for  this  device  and  the  occurrence 
of  subsequent  overstress  failures  was  greatly  reduced.  These  overstress  failures 
posed  no  problem  for  the  test  program. 

K7 . 0 FAILURE  ANALYS  ' 

A summary  of  the  failu.e  analysis  results  is  provided  in  Table  K4. 

Surface  Instability  - Nine  step-stress  and  forty-three  life  test  parts  exhibited 
excessive  1^$  and/or  ID(0ff)  due  to  degradation  of  the  drain  and/or  the  source 
junction.  The  degraded  junctions  exhibited  either  a channeled  characteristic,  as 
illustrated  in  Figure  K7,  or  nonlinear  leakage,  as  illustrated  in  Figure  K8.  All 
parts  recovered,  if  baked,  if  stored  at  room  temperature,  or  if  left  on  test, 
which  indicated  that  the  degradation  was  due  to  a surface  instability  mechanism 
such  as  ion  drift  through  the  passivation  or  separation  of  mobile  charges  in  the 
fringing  field  of  the  reverse  biased  junction.  Thus,  these  failures  were  attribu- 
ted to  the  design  or  the  processing  of  the  SiO^/Si^  passivation. 
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STEP  STRESS  AND  LIFE  TEST  CIRCUIT 


STEP  STRESS  TEST  - FAILURE  SUMMARY  (20  DEVICES) 


AMBIENT  TEMP.  (°C) 
175 
200 
225 


VG  (V) 
-AO 
-40 
-40 


CUMULATIVE  FAILURES 
3 
9 
12 


LIFE  TEST  CONDITIONS 


TEST  CELL 
NUMBER 


ta 

AMBIENT 

TEMPERATURE 

(°C) 

VG 

GATE 

VOLTAGE 

(VOLTS) 

'g 

GATE 
CURRENT 
(Ml CROAMPS) 

POWER 

DISSIPATION 

(MICROWATTS) 

TJ 

JUNCTION 

TEMPERATURE 

(°c) 

200 

-40 

2.2 

88 

200 

200 

-20 

1.5 

30 

200 

200 

0 

0 

0 

200 

175 

-40 

0.6 

24 

175 

150 

-40 

0.2 

8 

150 

FIGURE  K6 . STEP  STRESS  RESULTS  AND  LIFE  TEST  CONDITIONS  - P/N  772931 
N CHANNEL  FET 
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TABLE  K3.  LIFE  TEST  SUMMARY  - P/ti  77293!  - N CHANNEL  FET 


TEST 

CELL  DESCRIPTION 

CUMULATIVE  FAILURES  AT 

HOURS  OF 

TEST 

CELL 

NO 

APPLIED 

BIAS 

AMBIENT 

TEMP. 

QUANTITY 

1 

2 

4 

6 

16 

32 

64 

128 

256 

512 

1000 

2504 

4000  | 

1 

40  V DC 

200  C 

44 

4 

7 

10 

10 

12 

14 

,r 

19 

21 

24 

25 

28 

29*  | 

2 

20  VDC 

2 00  C 

30 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

3 

4*  | 

3 

0 VDC 

200  C 

30 

0 

0 

2 

2 

2 

3 

3 

4 

4 

4 

4 

4 

4* 

A 

4 0 VDC 

175  C 

30 

1 

2 

2 

2 

2 

4 

4 

5 

6 

6 

9 

12* 

5 

40  VDC 

1 50  C 

36 

1 

3 

6 

6 

6 

7 

7 

8 

9 

1, 



12 

13 

1 3* 

* TEST  TERMINATED 


TABLE  K4.  FAILURE  ANALYSIS  SUMMARY  - P/N  77293)  - N CHANNEL  FET 


A.  FAILED  PARAMETER  OR  SYMPTOMS 

" 1 

QUANTITY  OF  FAILURES  AND  TIME  OF  FAILURE  (HOURS) 

B.  FAILURE  MODE 

C.  FAILURE  MECHANISM 

D.  CAUSE  OF  FAILURE 

STEF 

STRESS 

200°C  i 1 75°C 

150°C  1 

40V 

20V 

OV 

40V 

20V  j 

CELL  1 

CELL  2 

CELL  3 

CELL  4 

CELL  5 j 

A.  1G5S  AND/OR  Ig(0FF ) 

B.  DEGRADED  DRAIN  OR  SOURCE  JUNCTION 

C.  MOBILE  ION  DRIFT 

D.  CONTAMINATION  IN  THE  PASSIVATION 

29175°C  STEP 
49200°C  STEP 
39225-C  STEP 

491 

294 

1916 

1932 

49128 

29256 

19512 

292504 

194000 

101 

102504 

104000 

104 

191 

192 
2932 

19256 

19512 

392504 

294000 

191  i 
292 
194  1 

19128 
19256  ' 

29512 
191000  1 

192504  1 

1 

A.  BVg$s  A Igss  A 10(0ff) 

3.  SHORTED  OR  DEGRADED  DRAIN  OR 
SOURCE  JUNCTION 

C.  FLASH-OVER  SHORTS 

D.  ELECTRICAL  OVERSTRESS 

101 75°C  STEP 
202OO°C  STEP 

392 

194 

1916 

1932 

19128 

29512 

191000 

192504 

1064 

1032 

10128 

194000 

294 

1932 

JD(OFF ) AND  ’r.ss 

B.  DEGRADED  SOURCE  JUNCTION 

C.  NOT  DETERMINED 

D.  NOT  DETERMINED  * 

1P4 

TOTAL  NUMBER  OF  FAILEO  PARTS 

12 

— 

29 

4 

4 

12 

13 
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HORIZ.  = 2 VOLTS/DIV 
VERT.  = 50  nA/DIV 


EXAMPLE  OF  CHANNELED  CHARACTERISTICS  (I  VS.  V ) - 
P/N  772931  - N CHANNEL  FET  bbb  bbb 


HORIZ.  = 2 VOLTS/DIV 
VERT.  = 50  nA/DIV 

EXAMPLE  OF  NON-LINEAR  LEAKAGE.  TOP  TRACE  = I , > ; 

BOTTOM  = I - P/N  772931  - N CHANNEL  FET  N 
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Shorted  Junctions  - Three  step-stress  and  eighteen  life  test  parts  exhibited  low 
BV^f-  and  excessive  I(  and  due  to  a degraded  (low  breakdown)  or  shorted 

drain  or  source  junction.  In  a few  instances  the  die  contained  obvious  damage, 
as  illustrated  in  Figure  K9.  In  most  instances,  however,  the  metallization  and 
passivation  had  to  be  removed  and  the  silicon  etched  in  order  to  delineate  the 
bulk  damage.  As  illustrated  in  Figure  K10,  these  parts  contained  trails  of  melted 
silicon  (flashover  shorts)  extending  from  a drain  or  source  ohmic  contact  to  the 
adjacent  gate  diffusion.  The  type  of  damage  was  characteristic  of  electrical 
overstress  caused  by  a voltage  transient  or  possibly  even  static  electricity. 


Mechanical  Failures  - One  part  in  the  zero  volt  cell  exhibited  excessive  I 


D(off) 


and  due  to  a degraded  source  junction.  The  degradation  worsened  when  the 
part  was  subjected  to  225°C  and  250°C  bakes.  W0ff\  anc*  ^SSS  recoverec'  com~ 
pletely  when  the  beams  were  cut  and  the  die  was  removed  from  the  header,  indicat- 
ing that  the  degradation  was  mechanical  in  nature.  However,  microscopic  examina- 
tions of  the  die  and  the  package  did  not  disclose  any  anomaly;  therefore,  the 
exact  cause  of  failure  was  not  determined. 


K8 . 0 DATA  CORRELATION 

The  Table  K4  Failure  Analysis  Summary  attributes  all  but  one  of  the  life  test 
failures  to  one  of  two  causes,  contamination  in  the  passivation  and  electrical 
overstress.  The  one  exception  was  mechanical  in  nature.  The  source  of  the  elec- 
trical overstress  could  not  be  positively  established.  Voltage  transients  or 
static  electricity  are  both  possibilities.  In  any  event  the  electrical  overstress 
failures  are  not  applicable  for  data  analysis.  Replacement  parts  were  added  to 
the  test  program  to  maintain  an  adequate  sample  size  for  data  evaluation. 

All  test  cells  exhibited  surface  instability  failures  attributed  to  an  ion  drift 
or  charge  separation  failure  mechanism  caused  by  contamination  in  the  passivation. 
The  mechanism  appears  vol tage/temperature  dependent.  The  three  40  volt  test  cells, 
each  at  a different  temperature,  produced  the  most  failures  and  displayed  a 
temperature  sensitivity.  The  20  volt  and  zero  volt  test  cells.  Cells  2 and  3, 
respectively,  produced  significantly  fewer  failures,  suggesting  the  existence  of 
a voltage  sensitivity. 
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250X 

FIGURE  K9.  EXAMPLE  OF  CATASTROPHIC  DAMAGE  (VAPORIZED  SOURCE  METALLIZATION)  - 
P/N  772931  " N CHANNEL  FET 


49 1 X 


FIGURE  KIO.  CLOSE-UP  OF  THE  DIE  AFTER  SILICON  ETCH  SHOWING  FLASH-OVER  SHORTS 
(ARROWS)  EXTENDING  FROM  A DRAIN  CONTACT  AND  A SOURCE  CONTACT  TO 
THE  GATE  - P/N  772931  - N CHANNEL  FET 
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Cells  2 and  3 were  investigated  for  obvious  degradation  trends  which  would  allow 
extrapolation  of  times  to  failure.  Figure  Kll  shows  the  behavior  of  and 

I„cc,  the  two  parameters  which  failed  in  the  high  voltage  cells.  No  degradation 
trend  is  obvious  in  Cell  3,  the  zero  volt  cell.  Ip^  in  ^sll  2,  the  20  volt  cell, 
did  show  signs  of  degradation,  indicating  a voltage  sensitivity.  However,  the 
average  value  at  4000  hours  was  only  0.04  nA,  much  less  than  the  limit  of  0.25  nA. 
Therefore,  extrapolation  of  times  to  failure  was  not  pursued. 


The  cumulative  failure  distribution  for  Cells  1,  2,  4 and  5 for  the  surface 
instability  failures  are  shown  in  Figures  K12  and  K13.  The  three  40  volt  cells 
display  "freak"  and  "main"  populations  with  the  "freaks"  accounting  for  14.7%  of 
the  3 cell  population.  The  three  Cell  2 failures  also  give  an  indication  of 
comprising  a "freak"  and  "main"  population.  The  pertinent  distribution  data  is 
summarized  in  Table  K5.  The  data  indicates  the  "freak"  population  is  primarily 
voltage  dependent  and  the  "main"  population  is  voltage/temperature  dependent,  as 
shown  by  the  Figure  K14  Arrhenius  plots.  The  40  volt  Arrhenius  relationships  can 
be  expressed  as  follows: 

'Wf.ealw,  ‘ -1'1'29033  * TT1 


(Wmin^--8-20604  "^ 

Since  the  freak  population  appears  to  be  primarily  voltage  dependent,  a conserva- 
tive storage  failure  rate  can  be  estimated  from  the  40  volt  main  population  data. 
Using  the  "pooled"  technique  to  calculate  the  standard  deviation,  the  maximum 
instantaneous  failure  rate,  A ( t ) , can  be  expressed  as  follows: 

2 

1 [in  t + 8.206  - 0.674(~J 

t / a.  \ o/ono\£- 


2(2.82) 


fj, 

r r i a 2 1 

In  t'  + 8.206  - 0.674(rpf) 
exp  -L p — 

dt ' 

2(2.82; 

The  calculated  maximum  instantaneous  failure  rate,  x(t). 


's  1.3  x 10"  failures 


per  hour.  Since  this  value  reflects  a 40  volt  condition  and  the  zero  cell  exhibits 
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FIGURE  K 1 1 . BEHAVIOR  OF  SELECTED  PARAMETERS  DURING  LIFE  TEST  - 
P/N  772931  - N CHANNEL  FET 
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CUMULATIVE  PERCENTAGE  FAILURES  (%) 


FIGURE  K 1 3- 


CUMULATIVE  FAILURE  DISTRIBUTIONS  FOR  CELl  4 (TOP) 
AND  CELL  5 (BOTTOM)  - P/N  772931  - N CHANNEL  FET 
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no  degradation  trends,  the  calculated  failure  rate  is  conservative  by  orders  of 
magnitude.  Therefore,  this  device  should  have  a good  storage  reliability  potential. 


K.9. 0 CONCLUSIONS  AND  RECOMMENDATIONS 

o This  device  experienced  only  two  failures  and  exhibited  good  parameter 
stability  when  stored  for  4000  hours  at  200°C.  The  calculated  failure 
rate  using  data  from  the  40  volt  test  cell  indicates  a high  storage 
rel iabi 1 i ty  potential . 

o A short  term  high  temperature  screening  test  (200°C,  10  hours)  will 
improve  operational  reliability  by  eliminating  the  "freak"  population 
(14.7%  of  total  population). 
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L 1 . 0 PART  DESCRIPTION 

The  General  Purpose  Switch,  P/N  772932,  is  a 1N914  type  beam  lead  diode  packaged 
in  a three  lead  TO- 1 8 package  and  manufactured  by  Raytheon  Company,  Semiconductor 
Division.  This  test  configuration  is  different  from  the  SAM-D  use  configuration. 

L2 . 0 CONSTRUCTION  ANALYSIS 

The  pertinent  construction  details  of  the  test  configuration  are  listed  in  Table 
LI.  Figures  LI  and  L2  provide  a photograph  of  the  package  and  a terminal  diagram 
of  the  device.  Photographs  of  the  die  mounted  in  the  package  and  the  die 
topography  are  provided  in  Figure  L3.  This  device  contains  no  materials  which 
would  restrict  testing  below  300°C. 

The  typical  SAM-D  configuration.  Figure  L4,  has  the  die  beam  lead  bonded  to  the 
metallization  deposited  on  a ceramic  substrate. 

L3.0  ELECTRICAL  TEST  CRITERIA 

The  electrical  tests  used  for  this  device  are  listed  in  Table  L2.  Test  number  5 
of  Table  L2,  1^^,  was  a manual  test  performed  at  selected  interim  readout  times. 

L4.0  BIAS  CIRCUIT  ANALYSIS 

This  device  was  evaluated  at  various  reverse  bias  voltages  and  ambient  temperatures, 
as  summarized  in  Figure  L5.  At  75  volts  reverse  bias,  the  device  went  into 
thermal  runaway  before  250°C,  while  at  35  volts  reverse  bias  the  device  went  into 
thermal  runaway  prior  to  275°C.  It  was  decided  that  the  step  stress  test  would 
have  the  devices  reverse  biased  with  75  volts  at  ambient  temperatures  up  to  and 
’•including  225°C.  Determination  of  maximum  life  test  temperature  and  voltage  was 
withheld  pending  the  step  stress  test  results.  A 12K  ohm  current  limiting  resistor 
was  selected  preclude  catastrophic  damage  in  the  event  of  device  failure 

L5.0  STEP  STRESS  TEST  RESULTS 

Twenty  devices  with  75  volts  reverse  bias  were  subjected  to  three  16  hour  steps  at 
ambient  temperatures  of  175°C,  200°C  and  225°C  and  produced  no  failures,  as 
summarized  in  Figure  L6.  An  additional  step  at  250°C  with  a reverse  bias  of  35 
volts  was  performed  and  also  failed  to  produce  a failure.  It  was  decided  that, 
for  the  life  test,  the  maximum  voltage  would  be  35  volts,  permitting  the  maximum 
temperature  to  be  250°C. 
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TABLE  LI.  PART  CONSTRUCTION  DETAILS  - P/N  772932  - GENERAL  PURPOSE  SWITCH 


A.  I DENT  I FI  CAT  I ON 

1.  Part  Name:  General  Purpose  Switch  ( 1 N9 1 4 ) 

2.  Part  Manufacturer:  Raytheon  Co.,  Semiconductor  Div. 

3.  Part  Number:  772932 

4.  Date  Code:  7526 

B.  PACKAGE 

1.  Type:  3-Lead,  TO- 1 8 (Drawing  No.  757432) 

2.  Wei ght : 0.312  gram 

3.  Materials: 

a)  Cap:  Steel 

b)  Header:  Kovar,  gold-plated 

c)  Leads:  Kovar,  gold-plated 

d)  Cap  Seal  : Weld 

e)  Lead  Sea  1 : Glass 

C.  INTERNAL  GOEMETRY 

1.  Interconnections:  Beam  leads  bonded  to  gold-plated  header 

2.  Die: 

a)  Type:  Silicon,  planar  (Beam  Lead) 

b)  Scribe  Method:  Etch 

c)  Dimensions:  0.0023  inch  X 0.0023  inch 

d)  Passivation:  Silicon  Nitride  over  Silicon  Dioxide 

3.  Metallization  Type:  Gold/Titanium/Platinum 
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FIGURE  L3.  INTERNAL  CONSTRUCTION  DETAILS  - P/N  772932  - 
GENERAL  PURPOSE  SWITCH 


FIGURE  LI.  EXTERNAL  CONSTRUCTION  - 
P/N  772932  - 
GENERAL  PURPOSE  SWITCH 


FIGURE  L2 . SYMBOL  AND  TERMINAL  DIAGRAM 
P/N  772932  - 
GENERAL  PURPOSE  SWITCH 


VIEW  WITH  LID  REMOVED 


DIE  TOPOGRAPHY 


BOTTOM  VIEW 
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TABLE  L2 . ELECTRICAL  TEST  CONDITIONS  - P/N  772932  - 
GENERAL  PURPOSE  SWITCH 


VR  is  30V  for  Ta  - +25°C  test  and  20V  for  - +150°C  test. 

Limits  not  specified  by  part  drawing  - Measurement  made  for  information  only. 
Test  not  performed  at  » +150°C. 


A 

A 

A 


75  Vdc. 


LIFE  TEST  CONDITIONS 


TEST  CELL 
NUMBER 

ta 

AMBIENT 

TEMPERATURE 

(°c) 

VR 

REVERSE 

VOLTAGE 

(VOLTS) 

R 

REVERSE 
CURRENT 
(Ml LL 1 AMPS ) 

Pd 

POWER 

DISSIPATION 

(MILLIWATTS) 

TJ 

JUNCTION 

TEMPERATURE 

(°c) 

1 

250 

35 

1.1 

39 

262 

2 

250 

20 

0.7 

14 

254 

3 

250 

5 

0.4 

2 

251 

A 

250 

0 

0 

0 

250 

5 

225 

35 

0.3 

1 1 

228 

FIGURE  L6.  STEP  STRESS  RESULTS  AND  LIFE  TEST  CONDITIONS  - P/N  772932  - GENERAL 
PURPOSE  SWITCH 
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L 6 . 0 LIFE  TEST  CONDITIONS  AND  RESULTS 

The  accelerated  life  test  conditions  are  included  in  Figure  L6.  As  summarized 
in  Table  L3,  the  life  test  proceeded  for  4000  hours  during  which  only  five 
failures  were  observed. 


L7 . 0 FAILURE  ANALYSIS 

Table  L4  is  a summary  of  the  failure  analysis  results. 

Surface  Instability  Failures  - Two  diodes  exhibited  excessive  1^^  due  to  low 
breakdown  voltage.  ^r(4)  1s  measured  at  VR  = 100V  and,  as  shown  in  Figure  L7,  the 
reverse  breakdown  voltage  of  both  diodes  (68V  and  80V)  was  less  than  100  volts. 

Both  devices  completely  recovered  after  baking.  Ir(4)  of  each  Part  improved  to 
one  microampere  and  their  breakdown  voltages  increased  to  120  volts.  Thus,  these 
failures  were  attributed  to  a surface  instability  mechanism,  most  likely  mobile 
ion  drift  in  the  field  of  the  reverse  biased  junction,  caused  by  contamination  in 
or  on  the  SiO^/Si^N^  insulators. 

Test  Error  - Three  diodes  failed  Vp  due  to  an  open  internal  beam  lead.  In  each 
instance,  the  lead  had  melted  open  and  the  die  was  severely  damaged,  as 
illustrated  in  Figure  L8,  indicative  of  electrical  overstress.  Since  all  three 
failures  occurred  at  the  same  test  point,  16  hours,  the  overstress  was  probably 
caused  by  an  accidental  overvoltage  or  overload  during  the  parametric  measurements. 

L8. 0 DATA  CORRELATION 

The  Table  L4  Failure  Analysis  Summary  identifies  electrical  overstress  as  the 
cause  of  three  of  the  five  total  test  failures,  and  are  therefore  not  applicable 
for  data  analysis.  The  two  remaining  failures,  excessive  Ip  (Reverse  Leakage) 
attributable  to  mobile  ion  drift,  are  insufficient  for  failure  distribution 
analysis. 


Parameter  trends  were  evaluated  and  found  to  be  inconclusive.  The  ID,  reverse 
leakage,  parameters  in  the  powered  cells  were  increasing,  but  at  test  completion 
the  maximum  average  value  for  any  test  cell  was  only  1 yA,  as  opposed  to  a limit 
of  100  uA  (Table  L2).  Cell  4,  the  unpowered  cell  at  250°C,  displayed  no  obvious 
trend.  Two  Cell  4 parameters,  Vp,  the  forward  voltage  drop,  and  lp^  are  plotted 
in  Figure  L9.  The  relatively  large  mean  value  changes  in  are  attributed  to 
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TABLE  L3.  LIFE  TEST  SUMMARY  - P/N  772932  - GENERAL  PURPOSE  SWITCH 


TABLE  LA.  FAILURE  ANALYSIS  SUMMARY  - P/N  772932  - GENERAL  PURPOSE  SWITCH 


A.  FAILED  PARAMETERS  OR  SYMPTOMS 

B.  FAILURE  MODE 

C.  FAILURE  MECHANISM 

QUANTITY  OF  FAILURES  AND  TIME  (HOURS)  OF  FAILURE 

250°C 

225°  C 

35  V 

20  V j 5 V 0 V 

35  V 

D.  CAUSE  OF  FAILURE 

CELL  1 

CELL  2 | CELL  3 CELL  A 

CELL  5 

SURFACE  IN- 
STABILITY 

A-  1 R(J») 

B.  LOU  BREAKDOWN  VOLTAGE 

C.  MOBILE  ION  DRIFT 

0-  PASSIVATION  CONTAMINATION 

1^000 

10AOOO 

TEST 

ERROR 

A.  V, 

B.  MELTED  OPEN  BEAM 

c.  electrical  overstress 

D.  OVER  VOLTAGE  OR  OVERLOAD 

1016 

1016 

I 

1016 

TOTAL  NUMBER  OF  FAILED  PARTS 

1 

2 

0 0 ^ 2 

LI  0 
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FIGURE  L7.  REVERSE  CHARACTERISTIC  OF  THE  TWO  I ...  FAILURES  - 
P/N  772932  - GENERAL  PURPOSE  SWITCHRW 


105X 

FIGURE  L8.  EXAMPLE  OF  THE  DAMAGE  SUSTAINED  BY  THE  DIE  - P/N  772932  - 
GENERAL  PURPOSE  SWITCH 
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FIGURE  L9.  BEHAVIOR  OF  SELECTED  PARAMETERS  DURING  LIFE  TEST  - 
P/N  772932  - GENERAL  PURPOSE  SWITCH 
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inherent  variations  in  measuring  test  currents  as  low  as  10  nanoamperes.  The 
decrease  in  Vp  at  the  end  of  the  test  is  not  an  indication  of  a degradation  trend 
since  the  parameter  limit  is  a positive  value. 

The  lack  of  both  test  failures  and  parameter  degradation  trends  precludes  calcu- 
lation of  a storage  failure  rate,  but  does  indicate  that  this  diode  has  a high 
storage  reliability  potential  <<  10"^  failures  per  hour). 

The  preliminary  part  specification,  P/N  772932,  includes  a 100%  High  Temperature 
Reverse  Bias  (HTRB)  test  at  300°C  for  168  hours,  with  a 10%  Percent  Defective 
Allowable  (PDA).  Failures  are  determined  by  end  point  measurements.  The  two 
failures  detected  during  the  accelerated  life  test  show  that  this  device  can  have 
a surface  instability  failure  mechanism.  These  two  failures  both  occurred  late 
in  test  (2500  to  4000  hours).  The  lot  acceptance  data  accompanying  the  part 
shipment  do  not  reflect  performance  of  a 300°C  HTRB  test;  however,  a sample  of 
45  parts  passed  a 150°C,  168  hour  HTRB  test  with  no  failures.  If  the  test  parts 
were  a typical  lot,  there  was  no  "freak"  population  to  be  screened  out.  In  light 
of  the  high  allowable  PDA  (10%),  a review  of  the  specification  HTRB  requirements 
may  be  appropriate. 

L9.0  CONCLUSIONS  AND  RECOMMENDATIONS 

o This  beam  lead  diode  has  demonstrated  a high  storage  reliability 
potential . 

o The  production  part  HTRB  screening  criteria  should  be  reviewed  to  ensure 
the  appropriateness  of  a 10%  PDA. 
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Ml . 0 PART  DESCRIPTION 

The  High  Current  Switch,  P/N  773053,  is  a 1N4942  type  diode  manufactured  by 
Unitrode  Corporation.  The  die  is  mounted  in  a "Pill-Box"  package  as  shown  in 
Figure  Ml.  Leads  were  attached  by  MDAC-East  for  test  purposes. 

M2.0  CONSTRUCTION  ANALYSIS 

The  pertinent  construction  details  for  the  test  configuration  are  listed  in 
Table  Ml.  Figure  M2  provides  details  of  the  internal  construction.  The  cathode 
connection  is  made  by  the  gold  eutectic  bond  used  to  attach  the  die  to  the  gold 
conductor  of  the  package. 

The  typical  SAM-D  configuration  utilizes  the  same  "Pi  11 -Box"  package  as  illustrated 
in  Figure  M3.  In  o^der  to  electrically  test  the  parts  MDAC-East  installed  the 
leads  shown  in  the  Figure  M4  picture  of  the  test  configuration. 

M3 . 0 ELECTRICAL  TEST  CRITERIA 

The  electrical  tests  for  this  device  are  listed  in  Table  M2. 

M4 . 0 BIAS  CIRCUIT  ANALYSIS 

Since  the  original  shipment  of  these  devices  was  lost  in  transit  to  MDAC-East, 
only  eighty-three  devices  ultimately  were  available  for  the  test  program.  Because 
of  this  reduced  quantity,  it  was  decided  that  a life  test  consisting  of  three 
storage  cells  (zero  volts)  at  three  different  ambient  temperatures  would  be 
performed.  The  ambient  temperatures  selected  were  225°C,  250°C,  and  275°C. 

M5.0  STEP  STRESS  TEST  RESULTS 

Because  of  the  small  number  of  devices,  only  6 parts,  with  no  applied  bias,  were 
subjected  to  a step  stress  test.  Three  sixteen  hour  steps  at  225°C,  250°C  and  at 
275°C  produced  no  failures.  Table  M3  contains  a summary  of  the  step  stress  test. 
Sixty-four  additional  failure  free  hours  at  an  ambient  temperature  of  275°C 
provided  confidence  that  the  test  configuration  was  non-destructive  and  therefore 
acceptable  for  the  accelerated  life  test. 

M6 . 0 LIFE  TEST  CONDITIONS  AND  RESULTS 

The  life  test  conditions  are  included  in  Table  M3.  The  Table  M4  summary  shows  the 
three  test  cells  proceeded  for  4000  hours,  producing  31  failures. 
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TABLE  Ml.  PART  CONSTRUCTION  DETAILS  - P/N  773053  - HIGH  CURRENT  SWITCH 


A.  IDENTIFICATION 

1.  Part  Name:  High  Current  Switch  (1N4942) 

2.  Part  Manufacturer:  Unitrode 

3.  Part  Number:  773053 

B.  PACKAGE 

1 . Type:  Pill -Box 

2.  Weight:  0.066  gram 

3.  Material: 

a)  Lid:  Kovar,  gold-plated 

b)  Header:  Ceramic 

c)  Leads:  Thick  Film  Gold 

d)  Cap  Seal:  Solder 

C.  INTERNAL  GEOMETRY 

1.  Interconnections: 

a)  Type:  Aluminum  Wire 

b)  Diameter:  0.002  inch 

c)  Bonds: 

1)  Aluminum-aluminum  ultrasonic  at  the  die 

2)  Aluminum-gold  ultrasonic  at  the  gold  conductors 

2.  Die: 

a)  Type:  Silicon,  planar 

b)  Scribe  Method:  Mechanical 

c)  Dimensions:  0.032  inch  X 0.032  inch 

d)  Attach  Method:  Gold  Eutectic 

e)  Passivation:  Silicon  Dioxide 

3.  Metallization  Type:  Aluminum 
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FIGURE  M4.  DEVICES  WITH  LEADS  ATTACHED  - P/N  773053 
HIGH  CURRENT  SWITCH 
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TABLE  M2.  ELECTRICAL  TEST  CONDITIONS  - P/N  773053  - HIGH  CURRENT  SWITCH 


TEST 

NO. 

ta  = 

+25°C 

UNITS 

SYMBOL 

Ml  L-STD-750 

CONDITIONS 

MIN 

MAX 

mm 

■ 

< 

O 

II 

U_ 

0.6 

1.3 

Vdc 

wm 

lF  = 0.5A 

0.6 

1.3 

Vdc 

3 

M 

1 

VR  = 75  Vdc 

- 

1 .0 

y A 

HI 

•402 1 

lR  = 50  ll  A 

100 

- 

Vdc 

Initial,  final  and  interim  test  conducted  at  +25°C. 
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TABLE  M3.  STEP  STRESS  RESULTS  AND  LIFE  TEST  CONDITIONS  - P/N  773053  - HIGH 
CURRENT  SWITCH 


STEP  STRESS  TEST  - FAILURE  SUMMARY  (6  DEVICES) 


AMBIENT  TEMP.  (°C) 

APPLIED  BIAS  (V) 

CUMULATIVE  FAILURES 

225 

0 

0 

250 

0 

0 

275 

0 

0 

LIFE  TEST  CONDITIONS 


TEST  CELL 
NUMBER 

APPLIED  BIAS 
(VOLTS) 

ta  A 
AMBIENT 
TEMPERATURE 

(°c) 

1 

0 

275 

2 

0 

250 

3 

0 

225 

A All  cells  are  storage  (without  bias)  cells  and  therefore,  T^  = T . 
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M7.0  FAILURE  ANALYSIS 

The  failure  analysis  results  are  summarized  in  Table  M5. 

Wire-to-Die  Short  - Two  diodes  exhibited  excessive  reverse  leakage  current  (Ip) 
traced  to  a wire-to-die  short.  In  each  instance,  due  to  poor  lead  dress,  the 
internal  anode  aluminum  lead  wire  had  contacted  the  unpassivated  edge  of  the 
substrate  (the  cathode)  as  illustrated  in  Figure  M5  and  M6.  Lifting  the  wire 
eliminated  the  excessive  Ip.  Insufficient  clearance  between  the  wire  and  the 
edge  of  the  die  appears  to  be  an  inherent  design  flaw..  Examination  of  the  unstressed 
construction  analysis  sample,  the  three  control  samples,  and  ten  Cell  3 survivors 
disclosed  that  all  14  parts  contained  no  wire  loop. 

Open  Leads  - Twenty-nine  (29)  diodes  failed  Vp  traced  to  resistive  or  open  external 
solder  joints.  A tin-based  solder  was  used  to  attach  the  external  leads  to  the 
gold  package  mounting  pads.  After  prolonged  exposure  to  high  temperature,  the 
joints  deteriorated  due  to  scavenging  or  leaching  of  the  gold  by  the  solder. 

M8 . 0 DATA  CORRELATION 

The  Table  M5  failure  analysis  summary  shows  only  two  applicable  life  test  failures, 
both  involving  excessive  reverse  leakage  current  (I  ).  The  balance  of  the 

K 

reported  failures  were  attributed  to  degradation  of  the  MDAC-East  attached  leads 
and,  therefore,  not  applicable  to  the  SAM-D  use  configuration.  The  two  IR 
failures  were  both  caused  by  the  internal  anode  lead  wire  contacting  the  unpass- 
ivated edge  of  the  substrate  (the  cathode).  As  illustrated  in  Figures  M5  and  M6, 
the  lead  dress  for  this  wire  is  flat,  providing  a marginal  clearance  between  the 
wire  and  the  edge  of  the  die.  Examination  of  16  parts  revealed  that  this  wire 
dress  is  typical  and  not  just  an  isolated  workmanship  variation.  The  combination 
of  the  two  failures  and  the  identification  of  the  marginal  lead  dress  are  sufficient 
to  warrant  further  temperature/temperature  cycling  investigation  of  this  design. 

This  investigation  could  yield  recommendations  for  design  modifications  or  a lot 
temperature  screening  test. 

The  two  Ip  failures  are  insufficient  for  statistical  analysis.  Investigation  of 
electrical  parameter  data  revealed  no  trends.  The  average  value  of  the  reverse 
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TABLE  M4.  LIFE  TEST  SUMMARY  - P/N  773053  - HIGH  CURRENT  SWITCH 


TEST  CELL  DESCRIPTION 

CUMULATIVE  FAILURES  AT  HOURS  OF 

TEST  1 

CELL 

NO 

APPLIED 

BIAS 

AMBIENT 

TEMP 

QUANTITY 

1* 

8 

16 

32 

62* 

128 

256 

512 

1000 

2504 

X- 

o 

o 

o 

1 

0 VDC 

275°C 

30 

0 

0 

0 

0 

0 

0 

0 

1 

1 

14 

22* 

2 

0 VDC 

2 50°  C 

27 

0 

0 

0 

0 

0 

0 

1 

1 

1 

7 

8* 

3 

0 VDC 

225°C 

'5 

0 

0 

JL 

0 

0 

0 

_£_J 

0 

0 

0 

1* 

* TEST  TERMINATED 


TABLE  M5.  FAILURE  ANALYSIS  SUMMARY  - P/N  773053  - HIGH  CURRENT 
SWITCH 


A.  FAILED  PARAMETERS  OF  SYMPTOMS 

QUANTITY  OF  FAILURES  AND 
TIME  (HOURS  OF  FAILURE) 

B.  FAILURE  MODE 

OV 

C.  FAILURE  MECHANISM 

275°C 

250°C 

225°C 

D.  CAUSE  OF  FAILURE 

CELL  1 

CELL  2 

CELL  3 

MECHANICAL 

FAILURES 



A.  IR 

B.  WIRE  TO  DIE  SHORT 

C.  POOR  LEAD  DRESS  AND  WIRE  SAG 

D.  DESIGN 

16512 

16256 

A.  Vp 

1362504 

1 g 1 000 

164000 

TEST 

CONFIG 

FAILUR 

B.  OPEN  OR  KcSISTIVE  EXTERNAL  SOLDER  JOINT 

C.  GOLD  SCAVENGING 

0.  SOLDER  COMPOSITION 

864000 

562504 
1 84000 

TOTAL  NUMBER  OF  FAILED  PARTS 

22 

8 

1 
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30X  (SEM) 

FIGURE  M5.  SEM  PHOTO  OF  INTERIOR  OF  THE  DIODE  SHOWING  THE  ANODE  WIRE  LEAD  DRESS  - 
P/N  773053  - HIGH  CURRENT  SWITCH 


200X  (SEM) 

FIGURE  M6 . SEM  CLOSE-UP  OF  THE  WIRE  SHOWING  THE  POINT  WHERE  IT  CONTACTED  THE  EDGE 
OF  THE  DIE  (ARROW)  - P/N  -773053  - HIGH  CURRENT  SWITCH 
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leakage  current  (IR)  at  each  measurement  time  for  the  three  test  cells.  Figure  M7, 
shows  no  signs  of  obvious  degradation.  Therefore,  no  failure  times  were  extra- 
polated. The  lack  of  sufficient  failures  for  analysis  would  indicate  this  device 
has  a high  storage  reliability  potential  « 10-^  failures  per  hour). 

M9.0  CONCLUSIONS  AND  RECOMMENDATIONS 

o The  possibility  of  lead  to  die  shorts  can  be  a lot  to  lot  variable  due  to 
the  marginal  lead  dress  configuration.  Additional  temperature  evaluations 
(using  temperature  and  power)  are  recommended  for  this  design  to  assess 
the  need  for  design  changes  and/or  a lot  screening  test, 
o Although  insufficient  failure  data  was  available  for  failure  rate 
quantification,  the  few  test  failures  encountered  indicate  this  diode 
has  a high  storage  reliability  potential.  However,  the  marginal  lead 
dress  configuration  must  be  fully  assessed  if  this  potential  is  to  be 
real ized. 
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lR  = REVERSE  CURRENT,  AVERAGE  VALUE 


FIGURE  M7.  BEHAVIOR  OF  SELECTED  PARAMETERS  DURING  LIFE  TEST  - 
P/N  773053  - HIGH  CURRENT  SWITCH 
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N1.0  PART  DESCRIPTION 

The  Porcelain  Chip  Capacitor,  P/N  773054-21,  consists  of  noble  metal  electrodes 
molecularly  bonded  and  sealed  in  a monolith  of  nonporous  porcelain.  The  test 
devices,  manufactured  by  American  Technical  Ceramics,  were  delivered  in  chip 
form,  as  shown  in  Figure  N1 . 

N2.0  CONSTRUCTION  ANALYSIS 

The  pertinent  construction  details  are  listed  in  Table  N1  , and  Figure  N2  shows  a 
cross  sectional  view  of  the  device.  The  part  contains  no  materials  which  would 
limit  the  testing  below  300°C. 

In  order  to  apply  voltages  during  the  life  test,  a method  for  attaching  leads  to 
the  chip  was  required.  Of  several  methods  investigated,  the  best  utilized 
0.060  inch  diameter  nickel  wire  soldered  to  the  chips  with  309°C  solder.  An 
example  of  devices  mounted  in  this  manner  is  provided  in  Figure  N3. 

The  typical  SAM-D  use  configuration  of  this  device,  pictured  in  Figure  N4,  has 
the  chip  capacitor  soldered  to  a ceramic  printed  circuit  board. 

N3.0  ELECTRICAL  TEST  CRITERIA 

The  electrical  tests  used  for  this  part  are  listed  in  Table  N2.  Dissipation 
factor  (DF)  could  not  be  used  as  a failure  criterion  because  almost  all  parts 
exceeded  the  limit  after  installation  of  the  test  leads.  DF  was  measured  through- 
out the  test  program  and  although  a degradation  was  experienced,  the  cause  could 
not  be  attributed  to  the  capacitor  chip.  Once  a chip  began  to  experience  test 
lead  degradation,  the  repeatibi 1 i ty  of  the  DF  test  became  poor.  However  the 
measured  values  of  DF  did  not  become  excessive  and  almost  all  parts  ranged  from 
10’^  to  10  ^ after  6000  hours  of  life  tests. 

N4.0  BIAS  CIRCUIT  ANALYSIS 

The  test  device  was  operated  at  rated  voltage,  500  VDC,  as  the  ambient  temperature 
was  elevated  from  25°C  to  250°C.  The  leakage  current  remained  below  .5  uA. 
Therefore,  500  VDC  was  established  as  the  maximum  voltage  in  the  life  test.  The 
maximum  ambient  temperature  tentatively  selected  for  the  life  test  was  250°C. 
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0.117  in.  x 0.117  in.  x 0.075  in. 


10X 

FIGURE  Nl.  EXTERNAL  CONSTRUCTION  - P/N  773054-21  - 
PORCELAIN  CHIP  CAPACITOR 


37X 

FIGURE  N2 . CROSS  SECTION  OF  DEVICE  - P/N  773054-21  - 
PORCELAIN  CHIP  CAPACITOR 
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TABLE  Nl.  PART  CONSTRUCTION  DETAILS  - P/N  77305^-2 1 - PORCELAIN  CHIP  CAPACITOR 


A.  IDENTIFICATION 

1.  Part  Name:  Porcelain  Chip  Capacitor 

2.  Part  Number:  773054-21 

3.  Part  Manufacturer:  Americal  Technical  Ceramics 

4.  Manufacturer's  Part  Number:  ATC- 100B5R6CP500 

B.  EXTERNAL  PACKAGE 

1.  Type:  Hermetically  sealed,  self-encapsulated  chip 

2.  Weight:  0.583  grams 

3.  Materials: 

a)  Body:  Non-Porous  Porcelain 

b)  End  Caps:  20%  Palladium,  80%  Silver 

C.  INTERNAL 

1 . Materi als: 

a)  Dielectric:  Non-Porous  Porcelain 

b)  Electrode:  Palladium 

2.  Interconnections: 

a)  End  Cap  to  Electrode:  Sintered 
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# 


> 


* 


1 .6x 

FIGURE  N3 . DEVICES  WITH  LEADS  ATTACHED  (TEST  CONFIGURATION)  - 
P/N  77305*1-2 1 - PORCELAIN  CHIP  CAPACITOR 
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TABLE  N2 . ELECTRICAL  TEST  CONDITIONS  - P/N  77305^-21  - PORCELAIN  CHIP 
CAPACITOR 


TEST 

NO. 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX 

1 

CAPACITANCE 

C 

f = 1 . 0 MHz 

5-35 

5.85 

pf. 

2 

CAPACITANCE 

C 

f = 0.5  MHz 

5-35 

5.85 

pf . 

3 

DISSIPATION  FACTOR 

DF 

[ f = 0.5  MHz 

~ 

10 

~ 

k 

INSULATION  RESISTANCE 

IR 

V = 500  Vdc 

106 

- 

n 

5 

CAPACITANCE 

C 

Ta=-55°C,  f-1.0  MHz 

5-35 

5.85 

pf . 

6 

CAPACITANCE 

C 

; Ta=125°C,  f=l .0  MHz 

5-35 

5.85 

pf. 

7 

INSULATION  RESISTANCE 

IR 

Ta=125°C,  V=500  Vdc 

1°6 

- 

a 

ALL  TESTS  CONDUCTED  AT  25°C  UNLESS  OTHERWISE  SPECIFIED. 

ALL  TESTS  CONDUCTED  FOR  INITIAL  TEST.  TESTS  1 THROUGH  A CONDUCTED  FOR  INTERIM 
AND  FINAL  TESTS. 
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N5.0  STEP  STRESS  TEST  RESULTS 

Twenty  devices  were  subjected  to  a step  stress  test  consisting  of  four  16  hour 
steps  at  25CC  intervals  starting  at  200°C  and  concluding  at  275°C.  The  devices 
were  biased  with  500  VDC.  The  Figure  N5  summary  shows  five  marginal  failures 
were  generated  during  the  step  stress  test,  all  occurring  after  the  275°C  step. 
These  test  conditions  (250°C  maximum  at  500  VDC)  were  considered  acceptable  for 
the  accelerated  life  test. 

N6.0  LIFE  TEST  CONDITIONS  AND  RESULTS 

The  life  test  conditions  for  each  cell  are  included  in  Figure  N5.  As  shown  in 
the  Table  N3  summary,  the  life  tests  continued  to  the  6000  hour  readout;  however, 
after  256  hours,  Cells  1,  2,  and  3 experienced  severe  degradation  of  the  lead 
attach  solder,  resulting  in  some  cases  in  lead  separation.  These  three  cells 
continued  the  life  test  as  unbiased  storage  cells,  Cell  1 at  285°C,  Cell  2 at 
225°C  and  Cell  3 remained  at  250°C.  Cells  4 and  5 experienced  the  same  degradation 
at  1000  hours  and  2500  hours  respecti vely,  and  were  continued  in  the  life  test  as 
unbiased  storage  cells.  Five  failures  were  generated  during  the  life  test  of 
which  four  were  from  Cell  2 and  one  from  Cell  3. 

N7.0  FAILURE  ANALYSIS 

The  failure  analysis  results  are  summarized  in  Table  N4. 

Capacitance  Decrease  - Five  parts  failed  due  to  low  capacitance  during  the  life 
test.  The  capacitance  of  each  part  had  decreased  only  slightly  during  accelerated 
life  and  was  only  about  one  or  two  picofarads  below  the  specified  minimum  limit 
at  the  time  of  failure.  Metallurgical  cross-sections  of  failed  parts  disclosed 
no  sign  of  degradation  in  the  dielectric  or  the  electrodes  of  the  capacitors. 
However,  the  palladium-silver  end  caps  were  severely  voided  as  shown  in  Figures  N6 
and  N7.  It  is  believed  that  the  voids  caused  discontinuities  in  the  connection 
to  the  electrodes  and  this  reduced  the  capacitance.  A tin-based  solder  was  used 
to  attach  leads  to  the  end  caps.  At  elevated  temperature,  the  silver  was  scavenged 
or  leached  from  the  end  caps  by  the  solder  resulting  in  the  observed  voids. 
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STEP  STRESS  AND  LIFE  TEST  CIRCUIT 


STEP  STRESS  RESULTS  - FAILURE  SUMMARY  (20  DEVICES) 


AMBIENT  TEMP.  (°C) 

Wv> 

CUMULATIVE  FAILURES 

200°C 

500 

0 

225°C 

500 

0 

250°C 

500 

0 

275°C 

500 

5 

LIFE  TEST  CONDITIONS 


TEST  CELL 
NUMBER 

Ta 

AMBIENT 

TEMPERATURE 

(°C) 

Vps 

DEVICE 

VOLTAGE 

(VOLTS) 

i A 

250  A 

o 

o 

LTV 

2 A 

250  A 

375 

3 

250 

0 

A 

225 

500 

5 A 

200 

500 

DUE  TO  LEAD  DEGRADATION,  THE  FOLLOWING  TEST  CELLS  BECAME  ZERO  VOLTAGE  CELLS  AT  THE 
TIMES  INDICATED. 

A 0 Vdc,  285°C,  256  HRS. 

A 0 Vdc,  225°c,  256  HRS. 

A 0 Vdc,  225°c,  1000  HRS. 

A 9 Vdc,  200°C,  2500  HRS. 

THE  DEVICE  CURRENT  DOES  NOT  EXCEED  ,5UA  REPRESENTING  A DISSIPATION  OF  .25  mW. 

THIS  POWER  DISSIPATION  CAUSES  A NEGLIGIBLE  TEMPERATURE  RISE.  T (MAXIMUM 
INTERNAL  TEMPERATURE)  IS  THEREFORE  TAKEN  TO  BE  EQUAL  TO  T . MA 


FIGURE  N5. 


STEP  STRESS  RESULTS  AND  LIFE  TEST  CONDITIONS  - P/N  77305*4-21 
PORCELAIN  CHIP  CAPACITOR 
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TABLE  N3.  LIFE  TEST  SUMMARY  - P/N  773054-21  - PORCELAIN  CHIP  CAPACITOR 


TEST  CELL  DESCRIPTION 

CUMULATIVE  FAILURES  AT  HOURS  OF  TEST 

CELL 

NO 

APPLIED 

BIAS 

AMBIENT 

TEMP. 

QUANTITY 

A 

8 

16 

32 

6A 

128 

in 

CM 

38A 

512 

1000 

2500 

AOOO 

6000 

1 

500  VDC 

250A 

30 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0* 

2 

375  VDT 

250I 

30 

0 

0 

0 

1 

1 

1 

1 

2 

2 

2 

2 

2 

A* 

3 

0 VDC 

250°C 

30 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

i*  : 

A 

5 00  VDC 

225°C 

30 

0 

0 

0 

0 

0 

0 

0 

‘ 

0 

0 

0 

0 

0* 

5 

500  V| 

' 200°C 

30 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o* 

* TEST  TERMINATED 

DUE  TO  LEAD  DEGRADATION,  THE  FOLLOWING  TEST  CELLS  BECAME  ZERO 
VOLTAGE  CELLS  AT  THE  TIMES  INDICATED: 


0 VDC , 285°C,  256  HOURS 
A 0 VDC,  225°c,  256  HOURS 
K 0 VDC,  225°C,  1000  HOURS 
A 0 VDC,  200°C , 2500  HOURS 


TABLE  N4.  FAILURE  ANALYSIS  SUMMARY  - P/N  773054-21  - PORCELAIN  CHIP 
CAPACITOR 


A.  FAILED  PARAMETER  OR  SYMPTOMS 

B.  FAILURE  MODE 

C.  FAILURE  MECHANISM 

D.  CAUSE  OF  FAILURE 

QUANTITY  OF  FAILURES  AND  TIME  (HOURS)  OF  FAILURE 

250°C 

225°C 

200°C 

500  V 

375  V 

0 V 

500  V 

500  V 

CELL  1 

CELL  2 

CELL  3 

CELL 

CELL  5 

TEST  CONFIG- 
URATION 
FAILURES 

T.  CAPACITANCE  (TOO  LOW) 

B.  DISCONTINUITIES  (OPENS)  IN 
THE  END  CAPS. 

C.  SILVER  SCAVENGING 

D.  SOLDER  COMPOSITION 

1<?32 
1 638A 
2g6000 

1 1 000 

TOTAL  NUMBER  OF  FAILED  PARTS 

0 

A 

1 

0 

' O 

L 
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N8.0  DATA  CORRELATION 

The  5 capacitance  failures  are  insufficient  for  failure  distribution  analysis  and 
no  obvious  capacitance  degradation  trend  existed  among  the  unfailed  parts. 

Although  the  average  capacitance  value  decreased  during  the  test  program,  the 
change  was  less  than  2%  and  the  results  from  the  five  test  cells  were  indistin- 
guishable. 

Since  most  of  the  test  program  was  conducted  without  voltage  as  an  accelerator, 
the  results  are  applicable  to  a storage  environment.  Even  lacking  sufficient  DF 
data  the  results  indicate  this  capacitor  has  a high  storage  reliability  potential 
( A ( t )max  failures  per  hour). 

N9.0  CONCLUSIONS  AND  RECOMMENDATIONS 

o The  accelerated  life  tests  provided  insufficient  failures  for  failure 
distribution  analysis  and  no  obvious  parameter  degradation  trends  existed, 
o Although  failure  rate  quantification  is  not  possible,  this  capacitor  should 
have  a high  storage  reliability  potential. 
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01.0  PART  DESCRIPTION 

The  Ceramic  Chip  Capacitor,  P/N  773055-6,  contains  noble  metal  electrodes  sealed 
in  a monolith  of  ceramic,  providing  a self-encapsulated  chip.  The  test  devices, 
manufactured  by  Union  Carbide  Corporation,  were  delivered  in  chip  form,  as  shown 
in  Figure  01 . 

02.0  CONSTRUCTION  ANALYSIS 

The  pertinent  construction  details  are  listed  in  Table  01  and  Figure  02  shows  a 
cross  sectional  view.  The  part  contains  no  materials  which  would  limit  testing 
below  300°C. 

As  with  the  porcelain  chip  capacitor  discussed  in  Appendix  N,  leads  had  to  be 
attached  to  this  device  for  the  life  test.  Nickel  wire,  0.025  inch  in  diameter, 
was  soldered  to  the  device  using  309°C  solder.  An  example  of  devices  with  leads 
attached  is  shown  in  Figure  03. 

The  typical  SAM-D  configuration  is  pictured  in  Figure  04.  The  ceramic  chip 
capacitor  is  soldered  to  a ceramic  printed  circuit  board. 

03.0  ELECTRICAL  TEST  CRITERIA 

Table  02  lists  the  electrical  tests  used  for  this  device. 

04 . 0 BIAS  CIRCUIT  ANALYSIS 

The  test  device  was  operated  at  rated  voltage,  100  VDC,  as  the  ambient  temperature 
was  elevated  from  25°C  to  250°C.  The  leakage  current  did  not  exceed  5 yA  through 
this  temperature  range.  The  maximum  voltage  and  ambient  temperature  tentatively 
selected  for  the  life  test  were  100  VDC  and  250°C  respectively. 

05.0  STEP  STRESS  TEST  RESULTS 

Twenty  devices  were  subjected  to  a step  stress  test  consisting  of  four  16  hour 
steps  at  25°C  intervals  starting  at  200°C  and  concluding  at  275°C.  The  devices 
were  biased  with  100  VDC.  The  Figure  05  summary  shows  three  failures  were 
generated,  all  following  the  275°C  step  and  all  due  to  open  leads.  The  life  test 
conditions,  maximum  voltage  equal  to  100  VDC  and  maximum  ambient  temperature  equal 
to  250°C,  were  considered  acceptable,  even  though  lead  degradation  could  be 
anticipated. 
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TABLE  01.  PART  CONSTRUCTION  DETAILS-  P/N  773056 


CERAMIC  CHIP  CAPACITOR 


A.  I DENT  I FI  CATION 

1.  Part  Name:  Ceramic  Chip  Capacitor 

2.  Part  Number:  773055-6 

3.  Part  Manufacturer:  Union  Carbide  Corp. 

4.  Manufacturer's  Part  Number:  Cl 0061021 K1 X2H 

B.  EXTERNAL  PACKAGE 

1.  Type:  Self-encapsulated  ceramic  chip 

2.  Weight:  0.011  gram 

3.  Materials: 

a)  Body:  Ceramic 

b)  End  Caps : Silver 

C.  INTERNAL 

1.  Materials: 

a)  Dielectric:  Ceramic 

b)  Electrode:  Platinum  and  Gold 

2.  Interconnections: 

a)  End  Caps  to  Electrodes:  Sintered 
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FIGURE  03-  DEVICES  WITH  LEADS  ATTACHED  (TEST  CONFIGURATION)  - 
P/N  773055-6  - CERAMIC  CHIP  CAPACITOR 
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TABLE  02.  ELECTRICAL  TEST  CONDITIONS  - P/N  773055-6  - CERAMIC  CHIP  CAPACITOR 


ALL  TESTS  CONDUCTED  AT  25°C  UNLESS  OTHERWISE  SPECIFIED. 

ALL  TESTS  CONDUCTED  FOR  INITIAL  TEST.  TEST  1 THROUGH  k CONDUCTED  FOR  INTERIM 
AND  FINAL  TESTS. 

A CAPACITOR  SHALL  NOT  EXHIBIT  ANY  DAMAGE,  ARCING,  OR  BREAKDOWN. 


STORAGE  RELIABILITY 

OF  MISSILE  MATERIEL 


REPORT  MDC  E 1 60 1 
29  APRIL  1977 


STEP  STRESS  AND  LIFE  TEST  CIRCUIT 


STEP  STRESS  TEST  - CAI LURE  SUMMARY  (20  DEVICES) 


AMBIENT  TEMP.  (°C) 

VPS(V> 

CUMULATIVE  FAILURES 

200 

100 

0 

225 

100 

0 

250 

loo 

0 

275 

100 

3 

LIFE  TEST  CONDITIONS 


TEST  CELL 
NUMBER 

V 

AMBIENT 

TEMPERATURE 

(°C) 

VPS 

DEVICE 

VOLTAGE 

(VOLTS) 

1 A 

250  A 

100 

2 A 

250  A 

75 

3 

250 

0 

6 A 

225 

100 

5 A 

200 

100 

DUE  TO  LEAD  DEGRADAT I ON , THE  FOLLOWING  TEST  CELLS  BECAME  ZERO  VOLTAGE  CELLS  AT  THE 
TIMES  INDICATED. 

A 0 Vdc,  285  °C,  256  HRS. 

A 0 Vdc,  225°C,  256  HRS 
A 0 Vdc,  225°C,  1000  HRS 
A 0 Vdc,  200°C , 2500  HRS 

THE  DEVICE  CURRENT  DOES  NOT  EXCEED  5 -A  REPRESENTING  A DISSIPATION  OF  0.5  mV.  THIS 
POWER  DISSIPATION  CAUSES  A NEGLIGIBLE  TEMPERATURE  RISE.  THEREFORE,  T (MAXIMUM 
INTERNAL  TEMPERATURE)  IS  TAKEN  TO  BE  EQUAL  TO  T . 


FIGURE  05.  STEP  STRESS  RESULTS  AND  LIFE  TEST  CONDITIONS 
CERAMIC  CHIP  CAPACITOR 


P/N  773055-6 
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06.0  LIFE  TEST  CONDITIONS  AND  RESULTS 

The  life  test  conditions  for  the  five  test  cells  are  included  in  Figure  05.  The 
life  test  continued  to  the  6000  hour  readout  and  is  summarized  in  Table  03. 

Cell  2 contained  22  parts  because  the  initial  Cell  2 parts  were  destroyed  by  an 
overvoltage  condition  and  only  22  spares  were  available  as  replacements.  After 
256  hours  Cells  1,  2,  and  3 experienced  degradation  of  the  lead  attach  solder 
causing,  in  some  cases,  the  leads  to  separate  from  the  chip.  These  cells  were 
continued  in  the  life  test  as  unbiased  storage  cells,  Cell  1 at  285°C,  Cell  2 at 
225°C  and  Cell  3 remained  at  250°C.  Cells  4 and  5 experienced  the  same 
degradation  at  1000  hours  and  2500  hours  respectively,  and  were  continued  in  the 
life  test  as  unbiased  storage  cells.  The  life  test  produced  3 failures,  two  from 
Cell  3 and  one  from  Cell  4. 

07.0  FAILURE  ANALYSIS 

Table  04  summarizes  the  failure  analysis.  All  three  failures  exhibited  capacitance 
which  was  only  slightly  out  of  specification.  Upon  cross  sectioning  these  parts, 
no  anomalous  conditions  were  observed.  Further  failure  analysis  was  not  performed 
because  of  the  small  number  of  failures,  consequently  the  exact  cause  of  failure 
was  not  determined. 

08.0  DATA  CORRELATION 

The  Table  04  failure  analysis  summary  shows  only  three  life  test  failures,  all 
attributed  to  a slight  out  of  specification  capacitance  value.  Evaluation  of  the 
measured  parameters  yielded  no  degradation  trends.  Capacitance  values  typically 
varied  less  than  1%  and  the  Dissipation  Factor  (DF)  actually  improved  slightly 
during  the  course  of  the  life  tests. 

The  three  test  failures  are  insufficient  for  failure  distribution  analysis  and  the 
lack  of  parameter  degradation  trends  precludes  the  extrapolation  of  times  to 
failure.  Therefore  this  capacitor  should  have  a high  storage  reliability  potential 
(x(t)MAx  <-c  10-10  failures  per  hour). 

09. 0 CONCLUSIONS  AND  RECOMMENDATIONS 

o This  capacitor  exhibited  good  stability  under  high  temperature  storage 
condi tions . 
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TABLE  Ok.  FAILURE  ANALYSIS  SUMMARY  - P/N  773055'6  - CERAMIC  CHIP  CAPACITOR 


A. 

FAILED  PARAMETER  OR  SYMPTOMS 

QUANTITY 

)F  FAILURES  AND  TIME  (HOURS) 

OF  FAILURE 

8. 

FAILURE  MODE 

250°C 

225  °C 

200°C 

C. 

FAILURE  MECHANISM 

100  VDC 

75  VDC 

0 VDC 

100  VDC 

100  VDC 

D. 

CAUSE  OF  FAILURE 

CELL  1 

CELL  2 

CELL  3 

CELL  4 

CELL  5 

A 

B, 

CAPACITANCE 
C,  D NOT  DETERMINED 

1 §>64 
16256 

1632 

TOTAL  NUMBER  OF  FAILED  PARTS 

0 

0 

2 

1 

0 
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o The  three  life  test  failures  are  insufficient  for  storage  failure  rate 
quantification.  However,  the  few  test  failures  and  the  parameter 
stability  both  indicate  this  capacitor  has  a high  storage  reliability 
potenti al . 


STORAGE  RELIABILITY 

OF  MISSILE  MATERIEL 


REPORT  MDC  E 1601 

29  APRIL  1977 


APPENDIX  P 
P/N  773056-20 


TANTALUM  CHIP  CAPACITOR 


TABLE  OF  CONTENTS 


SECTION  PAGE 


PI  .0  PART  DESCRIPTION P2 

P2.0  CONSTRUCTION  ANALYSIS  P2 

P3.0  ELECTRICAL  TEST  CRITERIA P2 

P4.0  BIAS  CIRCUIT  ANALYSIS P2 

P5.0  STEP  STRESS  TEST  RESULTS P8 

P6.0  LIFE  TEST  CONDITIONS  AND  RESULTS P8 

P7.0  FAILURE  ANALYSIS PI 0 

P8.0  DATA  CORRELATION PI 0 

P9.0  CONCLUSIONS  AND  RECOMMENDATIONS PI  7 

PIO.O  REFERENCES PI  7 


STORAGE  RELIABILITY 

OF  MISSILE  MATERIEL 


REPORT  MDC  £1601 

29  APRIL  1977 


, 1 . U PART  DESCRIPTION 

1 he  Tantalum  Chip  Capacitor,  P/N  773056-20,  is  manufactured  by  National  Components 
Industries  Incorporated.  The  test  devices  were  delivered  in  chip  form  as  shown 
in  Figure  PI. 

P2.0  CONSTRUCTION  ANALYSIS 

Table  PI  is  a summary  of  the  pertinent  physical  details  and  Figure  P2  shows  a cross 
sectional  view  of  the  capacitor.  The  conductive  silver  epoxy  used  to  attach  the 
cathode  to  the  end  cap  prohibited  long  term  testing  at  ambient  temperatures  higher 
than  1 75°C. 

The  attachment  of  leads  to  the  devices  was  required  in  order  to  life  test  the  parts 
under  electrical  bias.  Several  types  of  solders  were  evaluated.  When  the  highest 
temperature  solder  (309°C)  was  used  to  attach  leads,  the  dissipation  factor  in- 
creased and  in  some  cases  exceeded  the  specification  due  to  the  thermal  shock. 

The  lowest  temperature  solder  (221 °C)  subjected  the  parts  to  less  thermal  shock 
but.  was  more  susceptible  to  time/ temperature  degradation.  Devices  with  leads 
attached  are  pictured  in  Figure  P3  in  the  test  configuration.  A medium  temper- 
ature solder  (268°C)  offered  the  best  compromise  and  was  evaluated  in  the  test 
described  in  Paragraph  P6.0. 

The  typical  SAM-D  configuration  is  illustrated  in  Figure  P4.  It  consists  of  the 
capacitor  mounted  on  a ceramic  printed  circuit  board. 

:•  3.0  F LECTRICAL  TEST  CRITERIA 

iuble  P2  contains  a list  of  the  electrical  tests  for  this  device. 

0 BIAS  CIRCUIT  ANALYSIS 

7 1 : 3 devices  were  operated  at  13VDC,  rated  voltage,  as  the  ambient  temperature  was 
levated  from  25°C  to  175°C.  The  leakage  current  did  not  exceed  1 0.. A . The  test 
'/'n:age,  13VDC,  and  the  175°C  limit  imposed  by  the  conductive  silver  epoxy  were 
tentatively  selected  as  maximum  accelerated  life  test  conditions.  A IK  ohm  current 
• lit’  ig  resistor  was  selected  to  preclude  catastrophic  damage  in  the  event  of 
device  failure. 
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0.143  in.  x 0.100  in.  x 0.088  in. 


FIGURE  PI.  EXTERNAL  CONSTRUCTION  - P/N  773056 
TANTALUM  CHIP  CAPACITOR 
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FIGURE  P2 . CROSS  SECTION  OF  DEVICE  - P/N  773056-20 
TANTALUM  CHIP  CAPACITOR 
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TABLE  PI.  PART  CONSTRUCTION  DETAILS  - P/N  773056-20  - 
TANTALUM  CHIP  CAPACITOR 


A.  IDENTIFICATION 

1.  Part  Name:  Tantalum  Chip  Capacitor 

2.  Part  Number:  773056-20 

3.  Part  Manufacturer:  National  Components  Industries 

4.  Manufacturer's  Part  Number:  BN6225E020K5 

B.  EXTERNAL  PACKAGE 

1.  Type:  Molded  Epoxy 

2.  Weight:  0.069  gram 

3.  Materials: 

a)  Body:  Epoxy 

b)  End  Caps:  Gold-plated  nickel 

C.  INTERNAL 

1 . Materi al : 

a)  Dielectric:  Tantalum  Pentoxide 

b)  Electrode: 

1)  Anode:  Tantalum 

2)  Cathode:  Manganese  dioxide 

2.  Interconnections: 

a)  Anode  to  End  Cap:  Weld 

b)  Cathode  to  End  Cap:  Conductive  Silver  Epoxy 
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CLOSE-UP  OF  DEVICE 

FIGURE  PA.  TYPICAL  SAM-D  CONFIGURATION  - P/N  772937  - 
TANTALUM  CHIP  CAPACITOR 
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TABLE  P2 . ELECTRICAL  TEST  CONDITIONS  - P/N  773056-20  - 
TANTALUM  CHIP  CAPACITOR 


TEST 

NO. 

1 

PARAMETER 

SYMBOL 

CONDITION 

LIMITS 

UNITS 

MIN 

MAX 

1 1 

CAPACITANCE 

C 

f = 120  Hz,  DC  BIAS  = 
2.2  VOLTS,  AC  VOLTAGE 
= 1.0  V 

rms 

1.98 

2.42 

u A 

2 

DC  LEAKAGE  CURRENT 

V = 20  Vdc , WITH  A 
1000ft  SERIES 
RESISTOR 

— 

0.88 

uA 

3 

DISSIPATION  FACTOR 

DF 

f = 120  Hz 

— . 

0.06 

- 

ALL  TESTS  CONDUCTED  AT  25°C. 

ALL  TESTS  CONDUCTED  FOR  INITIAL,  FINAL  AND  INTERIM  TESTS. 

/K  MEASUREMENT  TAKEN  AFTER  ELECTRIFICATION  PERIOD  OF  5 MINUTES. 
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P 5 . 0 STEP  STRESS  TEST  RESULTS 
Twenty  devices  were  subjected  to  a step  stress  test.  High  temperature  solder 
v309°C)  was  used  to  attach  leads  to  these  parts  in  order  to  observe  the  effects 
jf  the  thermal  shock' when  attaching  the  leads  and  to  allow  the  step  stress  test 
to  exceed  the  1;5°C  limit  which  was  to  be  imposed  on  the  life  test.  As  shown  in 
the  Figure  P5  summary,  ten  devices  were  out  of  specification  (DF)  following  the 
lead  attach  process,  but  all  improved  after  the  150°C  step  with  only  three  devices 
remaining  out  of  specification.  No  new  failures  were  encountered  until  the  225°C 
and  250°C  steps.  The  voltage  and  temperature  conditions  previously  selected  as 
life  test  limits  (13VDC  and  175°C)  were  considered  acceptable. 

P6.0  LIFE  TEST  CONDITIONS  AND  RESULTS 

The  conditions  for  each  cell  are  summarized  in  Figure  P5.  In  order  to  establish 
confidence  in  the  lead  attach  integrity,  Cell  3 was  initiated  prior  to  starting 
the  remaining  cells.  Three  types  of  solder  were  used  to  attach  leads  in  the  Cell  3 
parts;  309°C  solder  was  used  for  3 devices,  221°C  solder  for  3 devices  and  268' C 
solder  for  the  remaining  24  parts.  Two  of  the  three  devices  with  309°C  solder 
were  out  of  specification  (DF)  following  lead  attachment.  The  remaining  27  parts 
did  not  exhibit  this  change  ir.  parameters.  After  512  hours  with  no  evidence  of 
solder  degradation  in  Cell  3,  the  remaining  four  cells  (1,2,4  and  5)  were  started 
into  life  test  utilizing  268"C  solder  for  lead  attach. 

During  the  life  test  it  was  determined  that  the  presence  of  bias  voltage  in  the 
4 powered  cells  was  healing  some  of  the  dc  leakage  failures.  Consequently,  the 
data  obtained  from  those  cells  was  considered  questionable  and  therefore,  not 
analyzed;  two  additional  cells,  6 and  7,  were  initiated  without  bias  voltages  to 
provide  storage  related  data. 

As  shown  in  the  Table  P3  summary.  Cells  1,  2,  4 and  5 completed  6000  hours  of  life 
test.  Cell  3 was  terminated  at  2500  hours  with  more  than  50  failures,  and 
Cells  6 and  7 were  halted  after  5460  hours. 
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STEP  STRESS  AND  LIFE  TEST  CIRCUIT 


STEP  STRESS  TEST  - FAILURE  SUMMARY  (20  DEVICES) 


PHASE  OF  STEP 
STRESS  TEST 

VPS 

(VOLTS) 

CUMULATIVE 

FAILURES 

C 

CUMULATIVE 
FAILURES 
lDC  LEAKAGE 

CUMULATIVE 

FAILURES 

DF 

PRE  LEAD  ATTACH 

-- 

0 

0 

0 

POST  LE'AD  ATTACH 

-- 

0 

0 

10  A 

1 50° C - 19  HRS. 

13 

0 

0 

3 

1 75°C  19  HRS. 

13 

0 

0 

3 

200°C  - 21  HRS. 

13 

0 

0 

3 

225°C  --  21  HRS. 

13 

0 

1 

3 

250°C  - 70  HRS. 

13 

1 

10 

5 

/j\  TEN  DEVICES  FAILED  DF  AFTER  THE  LEAD  ATTACH  PROCESS.  ALL  PARTS  IMPROVED  AFTER 
THE  150°C  - 19  HR  STEP,  HOWEVER  3 PARTS  REMAINED  OUT  OF  THE  SPECIFICATION. 


LIFE  TEST  CONDITIONS 


TEST  CELL  NUMBER 

ta 

AMBIENT  TEMPERATURE 

(°c) 

VPS 

DEVICE  VOLTAGE 
(VOLTS) 

1 

175 

13 

2 

175 

6.5 

3 

175 

0 

4 

150 

13 

5 

125 

13 

6 

' 150 

0 

7 

125 

0 

THE  DEVICE  CURRENTS  ARE  BETWEEN  0.01  AND  10  pA  REPRESENTING  DISSIPATIONS  BETWEEN 
0.13  pW  AND  130  pW.  THE  TEMPERATURE  RISE  DUE  TO  POWER  DISSIPATION  OF  THIS 
MAGNITUDE  IS  NEGLIGIBLE.  THEREFORE,  T (MAXIMUM  INTERNAL  TEMPERATURE)  IS  TAKEN 
TO  BE  EQUAL  TO  Tft. 

FIGURE  PS.  STEP  STRESS  RESULTS  AND  LIFE  TEST  CONDITIONS  - P/N  773056-20  - 
CERAMIC  CHIP  CAPACITOR 
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P 7 . 0 FAILURE  ANALYSIS 

Table  P4  is  a summary  of  the  failure  analysis  results.  There  were  33  devices  which 
failed  dissipation  factor  only.  All  but  one  of  these  failures  occurred  in  cells 
with  bias  voltages.  Because  the  data  from  these  cells  were  not  considered  appli- 
cable to  storage  life  (Paragraph  P6.0)  the  dissipation  factor  only  failures  were 
not  analyzed. 

There  wel^  41  life  test  parts  that  failed  due  to  excessive  dc  leakage  current, 

36  which  were  in  test  cells  without  an  applied  bias.  Curve  tracer  tests  of 

failed  capacitors  disclosed  that  the  leakage  current  was  always  erratic,  varying 

a 

betw^n  normal  values  of  leakage  and  values  in  excess  of  the  measured  value 
(flickering).  This  indicated  that  the  dielectric  had  ruptured  and  was  self  healing 
during  the  test.  Metallurgical  cross-sections  of  failed  devices  disclosed  no  sign 
of  deterioration  and  no  significant  damage  or  defects.  Consequently,  the  excessive 
leakage  was  attributed  to  dielectric  breakdown  caused  by  minute  imperfections  or 
impurities  in  the  Ta20^  dielectric  or  at  the  Ta20^/MnC>2  interface. 

P8.0  DATA  CORRELATION 

The  Table  P4  failure  analysis  summary  reveals  two  failure  mechanisms  were 
encountered  during  the  life  tests.  For  reasons  previously  given  the  Dissipation 
Factor  failures  were  not  analyzed.  DC  leakage  failures,  encountered  primarily 
in  the  zero  volt  test  cells,  were  attributed  to  either  degradation  of  impurities 
or  imperfections  in  the  dielectric.  The  DC  leakage  failures  are  considered 
applicable  because  they  were  accelerated  by  temperature  alone. 

TTie  lie  leakage  failures  usually  occurred  abruptly  with  no  indication  of  a degrada- 
tion trend.  Failures  were  therefore  assumed  to  have  occurred  at  the  midpoint  of 
the  time  measurement  interval.  Data  analysis  was  accomplished  using  the  Weibull 
failure  distribution,  an  approach  used  previously  in  evaluating  tantalum  chip 
capacitor  leakage  current  characteristics  [PI]. 

The  Figure  P6  Weibull  plots  show  a good  fit  for  the  Weibull  failure  distribution. 
The  pertinent  parameters  for  these  two  distributions  are  summarized  in  Table  P5. 

The  calculated  shape  parameters  ( 6 ) , 1.74  and  1.86,  are  close  enough  to  substan- 
tiate that  the  shape  parameter  is  independent  of  the  applied  stress.  Since 
voltage  is  not  a variable,  the  Arrhenius  model  was  used  with  the  scale  parameter 
(n),  the  63rd  percentile,  as  the  dependent  variable. 
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TABLE  P3.  LIFE  TEST  SUMMARY  - P/N  773056-20  - 
TANTALUM  CHIP  CAPACITOR 


CELL 

NO. 

APPLIED 

BIAS 

— 

AMBIENT 

TEMP. 

QUANT  1 TY 

CUMULATIVE  FAILURES  AT  HOURS  OF  TEST 

4 

8 

16 

32 

6*i  128  256 

5 1 2 

1000 

1504 

2000 

ro 

O 

o 

o 

o 

o 

3506 

4000 

6000 

1 

13  VDC 

175°C 

30 

0 

0 

0 

0 

| 

0 j 0 o 

0 

0 

4 

,0  - 

- 

.6 

17* 

2 

6.5  VDC 

i;s°c 

30 

1 

1 

1 

1 

12  2 

2 

3 

7 

9 

10 

- 

I 

12 

12* 

3 

0 VDC 

I7S°C 

30 

1 

1 

1 

1 

113 

6 

17 

- 

- 

28* 

» 

13  VDC 

150°C 

30 

0 

0 

0 

0 

0 | 0 | 0 

0 

1 

2 

2 

2 

- 

3 

6* 

5 

13  VDC 

1 25°C 

30 

0 

1 

1 

1 

Ji  i 

1 

1 

2 

2 

2 3 

- 

3 

3* 

6 

0 VDC 

150°C 

30 

0 

0 

- 

- 

o 

o 

o 

0 

0 

- 

3 

3 : - 

8 

13 

18* 

7 

0 VDC 

I25°C 

30 

0 

0 

- 

_1 

0 0 ' 0 

0 

_JL. 

- 

0 

0 

0 

0 

0*  j 

* TEST  TERMINATED 

^ CELL  6 AMD  CELL  7 LAST  TWO  READOUTS  ACTUALLY  OCCURRED  AT  4504  AND  S460  HOURS . 


TABLE  P4.  FAILURE  ANALYSIS  SUMMARY  - P/N  773056-20  - 
TANTALUM  CHIP  CAPACITOR 


A. 

FAILED  PARAMETERS  OR  SYMPTOMS 

QUANTITY  OF  FAILURES 

AND  TIME  (HOURS)  OF  FAILURE 

B. 

FAILURE  MODE 

175-C 

150°C 

125“ 

c 

c. 

FAILURE  MECHANISM 

13V 

6.5V 

ov 

13V 

ov 

13V 

ov 

D. 

CAUSE  OF  FAILURES 

CELL  1 

CELL  2 

CELL  3 

CELL  4 

CELL  6 

CELL  5 

CELL  7 

A. 

DC  LEAKAGE 

181504 

104 

181000 

382000 

188 

B. 

DIELECTRIC  BREAKDOWN 

20256 

181504 

583504 

101504 

• 

C. 

DEGRADATION  OF  IMPURITIES  OR 

30512 

504504 

103000 

1 

IMPERFECTIONS  IN  THE  DIELECTRIC 

1101000 

405460 

i 

D. 

PROCESS  INDUCED  DEFECTS 

1182500 

. 

A. 

DISSIPATION  FACTOR 

481504 

104 

184000 

105460 

> 

B. 

NOT  ANALYZED 

302000 

18128 

386000 

c. 

NOT  ANALYZED 

382500 

181000 

| 

D. 

NOT  ANALYZED 

184000 

381504 

386000 

282000 

182500 

284000 

TOTAL  NUMBER  OF  FAILED  PARTS 

17  ... 

12 

28 

6 

18 

3 

0 
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TABLE  P5.  SUMMARY  DATA  - P/N  773056-20  - 
TANTALUM  CHIP  CAPACITOR 


TEST 

NUMBER 

MAIN  POPULATION 

CELL 

NO. 

VOLTAGE 

(VOLTS) 

OF 

FAILURES 

ta 

(°c) 

TJ 

(°c) 

SCALE 

PARAMETER  (0) 
(HOURS) 

SHAPE 

PARAMETER  (g) 

3 

ZERO 

27 

175 

175 

816.05 

1.74 

6 

ZERO 

17 

150 

150 

5669.27 

1.86 
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The  Figure  P7  Arrhenius  plot  can  be  represented  bv  the  following  equation: 


0 = 4.605  X 10"12  exp 

Using  an  average  shape  parameter  of  1.8,  failure  rates  A(t)  were  calculated  using 
the  following  relationship: 


X(t)  = 


ME 

1 Q 

6 

t 

1.0 

t 

1.605  X 10"12  exp 

’l  .8] 
t 

t(2.1 715  X 1011) 

The  maximum  instantaneous  failure  rate,  x(t)^^,  is  1.13  X 10  ' failures  per  hour. 
Figure  P8  shows  the  failure  rate  behavior  for  a twenty-year  period  as  a function 
of  temperature. 

The  part  specification  for  this  capacitor  establishes  +125°C  as  the  upper  storage 
temperature  limit.  The  results  of  this  program  indicate  that  extended  storage  at 
temperatures  above  100°C  will  result  in  failure  rates  larger  than  10  ® failures 
per  hour.  If  this  is  a typical  lot  of  parts,  consideration  should  be  given  to 
lowering  the  maximum  storage  temperature  to  100°C.  If  this  is  not  a typical  lot, 
a lot  sampling  test  could  be  investigated  as  a possible  lot  acceptance  test. 
Additional  testing  (or  data)  is  necessary  to  develop  appropriate  accept/reject 
criteria. 
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STORAGE  FAILURE  RATE  - FAILURES  PER  HOUR 


FIGURE  P8.  MAXIMUM  INSTANTANEOUS  FAILURE  RmTE,  X(t),  20  YEAR  INTERVAL 
P/N  773056-20  - TANTALUM  CHIP  CAPACITOR 
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The  one  early  failure  in  Cell  3 was  not  included  in  the  analysis  and  is  considered 
the  "freak"  or  infant  mortality  population.  This  small  (1.7%)  "freak"  population 
percentage  can  be  screened  with  a short-term  high  temperature  test  (24  hours  at 
1 7 5°C ) ; however,  this  screen  is  applicable  only  to  the  zero  volt  or  storage  freak 
population  and  has  an  unknown  effect  on  the  undefined  operational  freak  population. 

P 9 . 0 CONCLUSIONS  AND  RECOMMENDATIONS 

o The  failure  data  showed  a very  good  fit  to  the  Weibull  failure  distribution 
and  each  test  cell  had  approximately  the  same  shape  parameter, 
o The  maximum  failure  rate  over  the  storage  time  (20  years)  and  temperature 
range  of  interest  (25°C  to  100°C)  is  1.13  X 10'^  failures  per  hour, 
o This  capacitor  should  be  considered  marginal  for  storage  at  temperatures 
greater  than  100°C.  The  additional  investigation  recormiended  in 
paragraph  P8.0  appears  appropriate. 

o A 100%  screening  test  (175°C  for  24  hours)  can  be  utilized  for  the  small 
(1.7%)  "freak"  storage  population;  however,  the  operational  "freak" 
population  has  not  been  defined. 

P10.0  REFERENCES 

[PI]  J.  Burnham,  "Leakage  Current  Stability  of  Solid  Tantalum  Chip  Capacitors 
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Q1 . 0 PART  DESCRIPTION 

The  Ceramic  Axial  Lead  Capacitor,  P/N  773057-18,  was  manufactured  by 
U.S.  Capacitor  Corporation  and  consists  of  noble  metal  electrodes  and  a ceramic 
dielectric.  The  body  material  is  molded  epoxy  and  the  device  has  nickel  axial 
leads.  The  test  configuration  is  identical  to  the  SAM-D  use  configuration. 

Q2.0  CONSTRUCTION  ANALYSIS 

The  pertinent  construction  details  are  listed  in  Table  Q1 . Figures  Q1  and  Q2 
provide  an  external  view  and  a cross  sectional  view  of  the  part  respectively. 

The  molded  epoxy  used  to  encapsulate  the  device  was  expected  to  be  the  predominant 
time/temperature  limiting  feature.  Previous  testing  indicated  satisfactory  opera- 
tion at  200°C  for  200  hours.  Since  the  internal  solder  has  a liquidus  temperature 
of  222°C,  the  maximum  ambient  temperature  was  limited  to  20CTC  for  the  life  test. 

The  typical  SAM-D  configuration.  Figure  Q3,  consists  of  a capacitor  identical  to 
the  life  test  device  soldered  to  a ceramic  printed  circuit  board. 

Q3.0  ELECTRICAL  TEST  CRITERIA 

The  electrical  tests  for  this  device  are  listed  in  Table  Q2. 

Q4 . 0 BIAS  CIRCUIT  ANALYSIS 

This  device  was  operated  with  rated  voltage,  50VDC,  applied  as  the  ambient  temper- 
ature was  elevated  from  25°C  to  200°C.  The  leakage  current  did  not  exceed  lOnA. 
Therefore,  the  tentative  maximum  conditions  for  the  life  test  were  50VDC  and  200°C. 

Q5.0  STEP  STRESS  TEST  RESULTS 

Twenty  devices  biased  with  50VDC  were  subjected  to  a step  stress  test  consisting 
of  six  16  hour  steps  at  25°C  intervals  starting  at  125°C  and  concluding  at  250°C. 
Eleven  parts  failed,  all  after  the  250°C  step.  Figure  Q4  summarizes  the  step 
stress  test.  All  failures  were  marginal  capacitance  and/or  dissipation  factor. 
Therefore,  the  selected  maximum  life  test  conditions  were  considered  acceptable. 
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TABLE  Q.1 . PART  CONSTRUCTION  DETAILS  - P/N  773057-18  - CERAMIC  AXIAL  LEAD 
CAPACITOR 


A.  I DENT  I FI  CAT  I ON 

1.  Part  Name:  Ceramic  Axial  Lead  Capacitor 

2.  Part  Number:  77305 7- 1 8 

3.  Part  Manufacturer:  U.  S.  Capacitor  Corp. 

k.  Manufacturer's  Part  Number:  C33C180J 

B.  EXTERNAL  PACKAGE 

l.  Type:  Molded-epoxy 

2.  Weight:  0.295  gram 

3.  Materials: 

a)  Body:  Epoxy 

b)  Leads:  Nickel 

C.  INTERNAL 

1.  Materials: 

a)  Dielectric:  Ceramic 

b)  Electrodes:  Silver,  Palladium,  Gold  or  Platinum 

c)  End  Caps:  Silver  or  Palladium 

2.  Interconnections: 

a)  Leads  to  End  Caps:  95-5  Silver  solder 
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N'; 


f , 


•«  ■/  *. . —■ 

3.2X 


0.256  in.  x 0.096  in.  Dia. 


FIGURE  Ql.  EXTERNAL  CONSTRUCTION  - P/N  773057“ 1 8 - 
CERAMIC  AXIAL  LEAD  CAPACITOR 


15X 

FIGURE  Q2.  CROSS  SECTION  OF  DEVICE  - P/N  773057-18  - 
CERAMIC  AXIAL  LEAD  CAPACITOR 
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1 . 9X 


DEVICE  MOUNTED  ON  CIRCUIT  BOARD 

wmmwsm  m 


CLOSE-UP  OF  DEVICE 

FIGURE  Q3.  TYFICAL  SAM-D  CONFIGURATION  - P/N  772938  - 
CERAMIC  AXIAL  LEAD  CAPACITOR 
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TABLE  Q2 . ELECTRICAL  TEST  CONDITIONS  - P/N  773057-18  - 
CERAMIC  AXIAL  LEAD  CAPACITOR 


TEST 

NO 

PARAMETER 

SYMBOL 

CONDITION 

LIMITS 

UNITS 

MIN 

MAX 

1 

CAPACITANCE 

C 

f = 1 .0  KHz 

17-  10 

18.90 

pf 

2 

DISSIPATION  FACTOR 

DF 

f = ] .0  KHz 

- 

0.15 

3 

INSULATION  RESISTANCE 

IR 

V = 50  Vdc 

lxlO5 

- 

MG! 

4 

DIELECTRIC  WITHSTANDING 
VOLTAGE 

V = 125  Vdc  for 
5 seconds,  surge 
current  Is  to  be 
<_50  mA 

1 to 

A 

5 

CAPACITANCE 

C 

Ta-125°C,  f= 1 . 0 

KHz 

17. 10 

18.90 

Pf 

6 

CAPACITANCE 

C 

Ta=-55°C,  f-1.0 

KHz 

17.  10 

18.90 

Pf 

7 

DISSIPATION  FACTOR 

DF 

— 1 
> 

II 

K> 

vn 

o 

o 

—u 

II 

o 

KHz 

- 

0.15 

% 

8 

DISSIPATION  FACTOR 

DF 

Ta=-55°C,  f-1.0 

KHz 

- 

lxlO5 

% 

9 

INSULATION  RESISTANCE 

1 R 

Ta=125°C 

lxlO5 

- 

MT2 

/\  CAPACITOR  SHALL  NOT  EXHIBIT  ANY  DAMAGE,  ARCING,  OR  BREAKDOWN. 

ALL  TESTS  CONDUCTED  AT  25°C  UNLESS  OTHERWISE  SPECIFIED. 

ALL  TESTS  CONDUCTED  FOR  INITIAL  TEST.  TESTS  1 THROUGH  3 CONDUCTED  FOR  INTERIM 
TEST.  TEST  1 THROUGH  k CONDUCTED  FOR  FINAL  TEST. 
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STEP  STRESS  AND  LIFE  TEST  CIRCUIT 


STEP  STRESS  RESULTS  - FAILURE  SUMMARY  (20  DEVICES) 


ENT  TEMP.  (°C) 

VPS 

125 

50 

150 

50 

175 

50 

200 

50 

225 

50 

250 

50 

TEST  CELL  NUMBER 


LIFE  TEST  CONDITIONS 


AMBIENT  TEMPERATURE 


P 

S 

DEVICE 

VO 

LTAGE 

(VOL 

TS 

) 

THE  DEVICE  CURRENT  DOES  NOT  EXCEED  10  n A REPRESENTING  A DISSIPATION  OF  0.5  uW 
THIS  POWER  DISSIPATION  CAUSES  A NEGLIGIBLE  TEMPERATURE  RISE.  THEREFORE,  T 
(MAXIMUM  INTERNAL  TEMPERATURE)  IS  TAKEN  TO  BE  EQUAL  TO  T . MA 

FIGURE  Q4.  STEP  STRESS  RESULTS  AND  LIFE  TEST  CONDITIONS  - P/N  773057-18 
CERAMIC  AXIAL  LEAD  CAPACITOR 
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Q6 . 0 y F E_ TEST  CONDITIONS  AND  RESULTS 

A summary  of  the  life  test  conditions  for  each  cell  is  included  in  Figure  Q4. 

The  Table  Q3  summary  shows  the  life  test  proceeded  for  6000  hours,  producing 
101  failures.  Some  of  the  test  cells  were  allowed  to  continue  beyond  50 
failures  to  provide  additional  data. 

Q7.0  FAILURE  ANALYSIS 

Table  Q4  is  a summary  of  the  failure  analysis  results.  ~ 

Dissipation  Factor  Failures  - Ninety-nine  (99)  life  test  parts  failed  due  to 
excessive  dissipation  factor.  A few  of  these  parts  also  failed  due  to  slightly 
low  capacitance.  Metallurgical  cross  sections  of  failed  devices  disclosed  a 
general  deterioration  of  the  capacitor  materials  which  accounted  for  the  increased 
dissipation  factor  and  low  capacitance.  The  molded  epoxy  package  material  of  all 
of  the  parts  examined  was  severely  cracked  and  the  ceramic  dielectric  material  of 
most  of  the  parts  had  cracked  as  illustrated  in  Figures  Q5  and  Q6.  A few  parts 
contained  broken  internal  solder  joints  to  the  end  caps  as  illustrated  in 
Figure  Q7.  The  damage  was  probably  caused  by  a combination  of  thermal  deterior- 
ation and  thermal  expansions  and  contractions  of  the  device  material. 

Capacitance  Failures  - Two  (2)  life  test  parts  in  Cell  5 failed  capacitance  (only) 
at  6000  hours.  Cross  sections  of  these  two  parts  did  not  disclose  the  cause  of 
low  capacitance.  In  addition,  neither  part  showed  any  sign  of  material  degradation. 

Q8 . 0 DATA  CORRELATION 

The  Table  Q4  failure  analysis  summary  attributed  the  Cell  1 through  4 Dissipation 
Factor  (DF)  failures  to  material  degradation,'  occurring  at  temperatures  of  175°C 
or  greater.  The  two  150°C  test  cell  failures  (capacitance)  did  not  exhibit  signs 
of  this  material  degradation.  Although  material  degradation  is  a storage  failure 
mechanism,  the  validity  of  using  the  observed  degradation  rate  for  projection 
purposes  has  not  been  established  in  this  instance.  Atypical  response  due  to 
excessive  temperature  or  temperature  cycling  is  a possibility  and  must  be  considered 
when  assessing  the  data  analysis  results. 


Q8 


MCOOVIVELL  DOD614S  4STWO/VAI/TICS  COMPAWV  - EAST 


STORAGE  RELIABILITY 

OF  MISSILE  MATERIEL 


REPORT  MDC  E 1601 
29  APRIL  1977 


TABLE  Q3.  LIFE  TEST  SUMMARY  - P/N  773057' 18  - 
CERAMIC  AXIAL  LEAD  CAPACITOR 


TEST  CEIL  DESCRIPTION 

CUMULAT IVE  FAILURES  AT  HOURS  OF  TEST 

CELL 

NO. 

applied 

BIAS 

AMBIENT 

TEMP. 

QTr 

4 

8 

16 

32 

64 

128 

256 

512 

1000 

2500 

4000 

6000 

1 

50V  DC 

200#C 

30 

0 

0 

0 

0 

0 

0 

0 

0 

9 

29 

30 

30* 

2 

37.5VDC 

200°C 

30 

0 

0 

0 

0 

0 

0 

0 

0 

8 

29 

30 

30* 

3 

OVOC 

200°C 

30 

0 

0 

0 

0 

0 

0 

0 

2 

2 

18 

28 

28* 

4 

50V  DC 

175*C 

30 

0 

0 

0 

0 

0 

0 

0 

0 

0 

i 

3 

11* 

5 

50  V DC 

150*C 

30 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2* 

•Test  Terminated 


TABLE  Q4.  FAILURE  ANALYSIS  SUMMARY  - P/N  773057-18 
CERAMIC  AXIAL  LEAD  CAPACITOR 


A.  FAILED  PARAMETERS  OR  SYMPTOMS 

QUANTITY  OF  FAILURES  AND  TIME  (HRS)  OF  FAILURE 

B.  FAILURE  MODE 

200°C 

175°C 

150°C 

C.  FAILURE  MECHANISM 

50  V 

37.5V 

OV 

50V 

50V 

D.  CAUSE  OF  FAILURE 

CELL  1 

CELL  2 

CELL  3 

CELL  4 

CELL  5 

A.  DISSIPATION  FACTOR  AND  CAPACITANCE 

991000 

891 000 

29512 

192500 

B.  EXCESSIVE  RESISTANCE 

20A2500 

2192500 

1692500 

294000 

C.  DETERIORATION  AND  CRACKING  OF 
THE  MATERIALS 

1(84000 

194000 

1094000 

896000 

D.  MATERIAL  THERMAL  LIMITATIONS 

A.  CAPACITANCE 

296000 

B.  NOT  ANALYZED 

C.  NOT  ANALYZED 

D.  NOT  ANALYZED 

TOTAL  NUMBER  OF  FAILED  PARTS 

30 

30 

20 

11 

2 
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FIGURE  Q6.  CLOSE-UP  OF  THE  PART  SHOWN  IN  FIGURE  Q5  AFTER  SECTIONING  INTO 
THE  PLATES  SHOWING  THAT  THE  CRACKS  IN  THE  CERAMIC  SEVERED  SOME 
OF  THE  PLATES  - P/N  773057-18  - CERAMIC  AXIAL  LEAD  CAPACITOR 
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FIGURE  Q5.  EXAMPLE  OF  FAILED  PART  SHOWING  CRACKED  EPOXY  PACKAGE  AND 
CERAMIC  DIELECTRIC  - P/N  773057-18  - CERAMIC  AXIAL  LEAD 
CAPACITOR 
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FIGURE  07.  EXAMPLE  OF  A CRACKED  INTERNAL  SOLDER  JOINT  - P/N  773057“ 1 8 
CERAMIC  AXIAL  LEAD  CAPACITOR 
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Cells  1 through  4 failure  times  were  established  using  interpolation  techniques 
and  the  cumulative  failure  distributions  were  investigated.  Both  the  Weibull, 
Figure  Q8,  and  the  lognormal.  Figures  Q9  and  Q10,  failure  distributions  were 
found  to  adequately  describe  the  data.  K-S  goodness  of  fit  tests  did  not 
establish  a definite  preference  for  either  distribution.  Pertinent  distribution 
data  is  summarized  in  Table  Q5.  The  Figure  Q1 1 Arrhenius  plots,  using  the  50  volt 
data  from  both  distributions,  can  be  represented  by  the  following  equations: 


lognormal 

In  t 5m  = -23.92412  * Lf1 
Weibul  1 

e = 4.260352  X 10*10  exp 


The  Weibull  failure  rate  was  higher  than  the  lognormal  failure  rate  by  many  orders 
of  magnitude  and  was  therefore  chosen  for  more  extensive  failure  rate  analysis. 

The  Figure  Q12  plot  of  maximum  Weibull  instantaneous  failure  rate,  x(t),  as  a 
function  of  temperature  Lpr  a twenty-year  storage  period  was  calculated  using  the 
following  equation: 
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4.260352  X 10*10  exp 


2.94 


Although  this  x(t)  was  obtained  using  50  volt  data,  the  results  are  considered 

applicable  to  a storage  environment  because  the  failure  mechanism  displayed  a 

lack  of  voltage  sensitivity  in  Cells  1,  2 and  3.  The  calculated  \(t)  is 
-in  MAX 

9.4  X 10  failures  per  hour. 
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FIGURE  Q.10.  CUMULATIVE  FAILURE  DISTRIBUTION  FOR  CELL  3 (TOP)  AND  CELL  A 
P/N  773057-18  - CERAMIC  AXIAL  LEAD  CAPACITOR 
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FIGURE  012. 


MAXIMUM  INSTANTANEOUS  FAILURE  RATE,  X(t),  20  YEAR  INTERVAL 
P/N  773057-18  - CERAMIC  AXIAL  LEAD  CAPACITOR 
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The  Weibull  Arrhenius  model  provides  a means  of  investigating  the  lack  of  epoxy 
degradation  failures  in  Cell  5 (150°C).  From  Figure  Q1 1 the  projected  value  of 

4 

the  scale  parameter,  o,  is  5.1  X 10  hours  at  150°C.  Using  an  average  value 
of  2.94  for  the  shape  parameter,  3,  the  Figure  Q13  plot  shows  the  expected  cumu- 
lative failure  distribution  at  150°C.  For  a sample  size  of  30  parts  the  first 
failure  would  be  expected  to  occur  after  16,000  hours  and  the  probability  of  a 
failure  occurring  within  a 6000  hour  life  test  is  small.  This  in  no  way  sub- 
stantiates the  hypothesis  that  the  epoxy  degradation  mechanism  would  occur  at 
150°C  or  less;  however,  it  does  show  that  the  150°C  data  does  not  refute  that 
hypothesis. 

Q9 . 0 CONCLUSIONS  AND  RECOMMENDATIONS 

0 The  epoxy  degradation  failure  mechanism  in  the  175°C  and  200°C  test  cells 
was  not  evidenced  in  the  150°C  test  cell.  Although  data  analysis  suggests 
that  the  150°C  results  are  not  unexpected,  the  possibility  that  the  DF 
failures  were  induced  by  a material  overstress  condition  cannot  be 
discounted. 

0 Assuming  the  applicability  of  the  failure  mechanism  to  a storage  environ- 
ment, data  analysis  indicates  the  acceptabil ity  of  either  a Weibull  or  a 
lognormal  failure  distribution.  No  freak  population  is  evident.  The 
Weibull  yields  the  most  conservative  failure  rates  and  these  appear 
acceptable  for  the  storage  time  and  temperature  range  of  interest. 
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APPENDIX  R 
P/N  773058-39 

HIGH  SELF-RESONANT  FREQUENCY  INDUCTOR  CHIP 
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R1 .0  PART  DESCRIPTION 

This  device  is  a High  Self-Resonant  Frequency  Inductor  Chip,  P/N  773058-39, 
manufactured  by  Piconics  Incorporated.  The  test  devices  were  delivered  in  chip 
form  as  depicted  in  Figure  R1 , and  leads  were  attached  by  MDAC-EAST  for  the  test 
program. 

R2.0  CONSTRUCTION  ANALYSIS 

The  pertinent  physical  details  are  summarized  in  Table  R1 , and  a cross  sectional 
view  of  the  part  is  provided  in  Figure  R2.  The  molded  diallyl  phthalate  used  to 
encapsulate  the  inductor  limited  the  maximum  life  test  temperature  to  175°C.  In 
order  to  apply  bias  nickel  leads  were  attached  to  the  parts  using  221°C  solder. 
Figure  R3  shows  the  test  configuration. 

The  typical  SAM-D  configuration  is  pictured  in  Figure  R4.  It  consists  of  a chip 

identical  to  the  life  test  part  soldered  to  a ceramic  printed  circuit  board. 

R3.0  ELECTRICAL  TEST  CRITERIA 

Table  R2  contains  a list  of  the  electrical  tests  used  for  this  part. 

R4.C  BIAS  CIRCUIT  EVALUATION 

The  device  was  operated  with  a constant  current  of  160  mA  as  the  ambient  temperature 
was  elevated  from  25°C  to  175°C.  The  power  dissipation  at  150°C  was  73  mW  and 
caused  a 17°C  temperature  rise  in  the  inductor.  The  maximum  temperature  tentatively 
selected  for  the  life  test  was  150°C  such  that,  with  the  17°C  rise  due  to  power 

dissipation,  the  175°C  limit  imposed  by  the  diallyl  phthalate  would  not  be  exceeded. 

The  maximum  electrical  limit  selected  was  160  mA. 

R5.0  STEP  STRESS  TEST  RESULTS 

The  Figure  R5  summary  shows  twenty-five  devices  were  subjected  to  a step  stress 
test  consisting  of  four  16  hour  steps  at  25°C  intervals,  starting  at  125°C  and 
concluding  at  200°C.  The  devices  were  drawing  160  mA.  No  failures  were  experienced 
following  the  150°C  step.  The  test  was  continued  to  establish  device  limits  and 
substantial  failures  occurred  at  the  next  two  steps  (175°C  and  200°C).  The  maximum 
conditions  which  had  been  tentatively  selected  for  the  life  test  (150°C,  160  ma) 
were  considered  acceptable. 
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TABLE  Rl.  PART  CONSTRUCTION  DETAILS  - P/N  773058-39  “ 
HIGH  SELF-RESONANT  FREQUENCY  INDUCTOR  CHIP 


A.  I DENT  I FI  CATION 

1.  Part  Name:  High  Se 1 f -Resonant  Frequency  Inductor  Chip 

2.  Part  Number:  773058-39 

3.  Part  Manufacturer:  Piconics  Inc. 

4.  Manufacturer's  Part  Number:  PG153K3F 

B.  EXTERNAL  PACKAGE 

1.  Type:  Molded  Dial  1 y 1 Phthalate 

2.  Weight:  0.088  gram 

3-  Materials: 

a)  Body:  Diallyl  Phthalate 

b)  End  Cap:  Gold  over-nickel  over  tungsten 

C.  INTERNAL 

1 . Materl al s : 

a)  Core:  Ferrite 

b)  Windings:  0.004  inch  copper  wire 

c)  Winding  Insulation:  Polynylon  (Nylon  covered  polyurethene) 

2.  Interconnections: 

a)  Copper  wire  to  Fnd  C^ns:  '-'eld 
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FIGURE  R3.  DEVICES  WITH  LEADS  ATTACHED  (TEST  CONFIGURATION)  - 
P/N  773058-39  - CHIP-HIGH  SELF-RESONANT  FREQUENCY 
INDUCTOR 
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CHIP-HIGH  SELF-RESONANT  FREQUENCY  INDUCTOR 
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TEST 

NO 

PARAMETER 

SYMBOL 

LIMITS 

UNITS 

! 

MAX 

MIN 

1 

D.C.  RESISTANCE 

R 

- 

- 

2.30 

n 

2 

QUALITY  FACTOR 

Q 

f = 1.0  MHz 

30 

- 

- 

3 

SELF  RESONANT  FREQUENCY 

- 

O 

o 

11 

CD 

-O 

13.0 

- 

MHz 

4 

INDUCTANCE 

H 

f = 1.0  MHz 

13.5 

16.5 

U h 

5 

INCREMENTAL  CURRENT 
INDUCTANCE  CHANGE 

f=! .0  MHz;  D.C.  BIAS 
CURRENT  = 0 mA  AND 
87  mA 

5 

% 

6 

INDUCTANCE 

STABILITY 

" 

T = -31 • 7°C  A 
f = 1.0  MHz 

- 

5 

% 

7 

INDUCTANCE 

STABILITY 

- 

T = 85°C  A 

f = 1 .0  MHz 

- 

5 

% 

8 

DIELECTRIC  WITHSTANDING 
VOLTAGE 

500  V APPLIED  BETWEEN 

rms 

CASE  AND  TERMINATIONS 
TIED  TOGETHER 

100 

U A 

9 

INSULATION  RESISTANCE 

1 R 

500  Vdc  APPLIED  BETWEEN 
CASE  AND  TERMINATIONS 
TIED  TOGETHER 

10* 

“ 

Mfl 

THE  CHANGE  IN  INDUCTANCE  FROM  25°C  TO  -31.7°C  DIVIDED  BY  THE  INDUCTANCE  AT  25°C. 


THE  CHANGE  IN  INDUCTANCE  FROM  25°C  TO  85°C  DIVIDED  BY  THE  INDUCTANCE  AT  25°C. 


ALL  TEST  CONDUCTED  FOR  INITIAL  AND  FINAL  TEST.  TESTS  1 THROUGH  5 CONDUCTED  FOR 
INTERIM  TEST.  TA  = 25°C  UNLESS  OTHERWISE  SPECIFIED. 
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STEP  STRESS  AND  LIFE  TEST  CIRCUIT 
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PS 
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STEP  STRESS  TEST  - FAILURE  SUMMARY  (25  DEVICES) 


AMBIENT  TEMP.  (°C) 

1 (mA) 

CUMULATIVE  FAILURES 

125 

160 

0 

150 

160 

0 

175 

160 

7 

200 

160 

21  ZL 

A,  THE  FOUR  REMAINING  DEVICES  EXHIBITED  OPEN  LEADS 
AFTER  THE  200°C  STEP. 


TEST  CELL 
NUMBER 

i Ta 

| AMBIENT 
TEMPERATURE 

<°c) 

V 

DEVICE 

VOLTAGE 

(VOLTS) 

1 

DEVICE 
CURRENT 
(Ml LL 1 AMPS) 

Pd 

POWER 

DISSIPATION 

(MILLIWATTS) 

timax 

MAXIMUM  INTERNAL 
TEMPERATURE 

(°c) 

1 

150 

0.A6 

159 

73 

167 

2 

150 

0.36 

127 

A6 

161 

3 

150 

0 

0 

0 

150 

A 

125 

0.4A 

159 

70 

1A1 

5 

100 

0.41 

160 

66 

115 

6 

125 

0 

0 

0 

125 

7 

100 

0 

0 

0 

100 

FIGURE  R5.  STEP  STRESS  RESULTS  AND  LIFE  TEST  CONDITIONS  - P/N  773058-39  * 
CHIP-HIGH  SELF-RESONANT  FREQUENCY  INDUCTOR 
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R6.0  LIFE  TEST  CONDITIONS  AND  RESULTS 

The  life  test  conditions  for  each  cell  are  included  in  Figure  R5  and  Table  R3 
summarizes  the  life  test  results.  The  large  number  of  catastrophic  failures  in 
Cells  1 and  2 resulted  in  the  addition  of  interim  measurement  points  to  provide 
more  resolution  in  failure  time  determination.  Cells  6 and  7 (zero  volts)  were 
also  added  at  125°C  and  100°C,  respectively,  to  provide  lower  temperature  data  in 
the  event  that  failure  analysis  attributed  Cell  1 and  2 failures  to  temperature 
overstress.  The  life  test  duration  was  extended  to  9000  hours  for  Cells  6 and  7 to 
provide  a maximum  amount  of  data. 

Cells  1 and  2 were  continued  beyond  the  50%^ailure  point  to  provide  additional 
failures  for  analysis. 

R7.0  FAILURE  ANALYSIS 

A summary  of  the  failure  analysis  results  is  presented  in  Table  R4. 

Inductance  and  Q-Factor  Failures  - Twenty-one  (21)  step  stress  and  71  life 
test  parts  failed  due  to  low  inductance  and  low  Q-factor.  The  decrease  was 
generally  abrupt  and  about  one  order  of  magnitude.  The  decrease  in  Q was  generally 
directly  proportional  to  the  decrease  in  inductance.  Metallurgical  cross  sections 
of  failed  parts  established  that  the  low  inductance/Q-factor  was  caused  by  deterior- 
ation of  the  poly-nylon  insulation  on  the  windings  and  short-circuits  between 
turns  and  the  core.  Figure  R6  shows  a close-up  of  the  insulation  and  copper  wire 
in  two  failed  inductors  and,  for  comparison,  a normal,  unstressed  inductor.  The 
wire  of  S/N  187  contains  no  trace  of  insulation  and  S/N  70  contains  only  a vague 
cloud  of  insulation  around  the  windings.  The  turns  of  wire  adjacent  to  the  core 
in  the  failed  inductors  were  distorted  and  flattened  against  the  core  probably 
due  to  thermal  expansions  of  the  materials.  Because  the  wires  contained  no 
insulation,  the  flattened  turns  shorted  to  the  core  causing  an  abrupt  decrease  in 
inductance  and  Q.  The  insulation  of  the  failed  inductors  had  diffused  into  the 
diallyl  phthalate  and  the  epoxy  cement  surrounding  the  wire.  The  diffusion  was 
more  severe,  or  at  least  more  apparent,  where  the  wire  was  embedded  in  the  epoxy. 

Figure  R7  shows  this  phenomenon.  The  insulation  (the  dark  material)  of  S/N  35 
has  diffused  into  the  epoxy  and  has  accumulated  at  the  epoxy/ceramic  interface. 

The  insulation  of  S/N  167  has  diffused  throughout  the  epoxy  and  all  of  the 
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TABLE  RA.  FAILURE  ANALYSIS  SUMMARY  - P/N  773058-39  - 
HIGH  SELF-RESONANT  FREQUENCY  INDUCTOR  CHIP 


A.  FARED  PARAMETERS  OR  SYMPTOMS 

QUANTITY  OF  FAILURES  AND  TEST 

TIME  (HOURS) 

B.  FAILURE  MODE 

150°C 

125°C 

100°C 

125°C 

100°C 

C.  FAILURE  MECHANISM 

VMAX 

vmid 

Vo 

Vmax 

VMAX 

VO 

Vo 

STEP 

D.  CAUSE  OF  FARURE 

CELL  1 

CELL  2 

CELL  3 

CELL  4 

CELL  5 

CELL  6 

CELL  7 

STRESS 

A.  INOUCTANCE  AND  q-FACTOR 

3016 

1032 

10128 

10256 

7017S'C  STEP 

B.  SHORTED  TURNS 

4032 

4064 

101000 

201000 

140200-C  STEP  | 

C.  DIFFUSION  OF  INSULATION  AND 

5064 

80128 

201500 

301500 

THERMAL  EXPANSIONS 

70128 

50160 

202000 

102000 

0.  MATERIAL  LIMITATIONS 

10144 

10240 

202500 

106000 

10160 

10304 

203170 

10176 

30612 

306000 

10240 

20752 

20512 

A.  INOUCTANCE 

1064 

B.  DIELECTRIC  DETIORATION 

10128 

C.  DIFFUSION  OF  INSULATION 

101000 

D.  MATERIAL  LIMITATIONS  PLUS 

102500 

INITIALLY  MARGINAL  INDUCTANCE 

108000 

A.  CATASTROPHIC 

10144 

10304 

1016 

402OO°C  STEP 

B.  OPEN  EXTERNAL  SOLOER  JOINT 

10752 

1032 

C.  GOLD  SCAVENGING 

D.  SOLDER  COMPOS  IT  I ON/ HANOL I NG 

A.  Q-FACTOR 

10256 

B.  NONE  (RETEST  OX) 

C.  NONE  (RETEST  OK) 

0.  INTERMITTENT  TEST  SET  INTERFACE 

TOTAL  NUM8ER  OF  FARED  PARTS 

26 

27 

13 

11 

0 

5 

0 

25  , 
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insulation  of  S/N  187  has  diffused  over  to  the  interface.  Although  all  of  these 
failures  occurred  only  in  Cells  1 through  4,  the  mechanisms  responsible  for  the 
failures  (diffusion  of  insulation  and  flattening  of  the  wires)  were  also  occurring 
in  Cells  5 through  7 as  will  be  shown  in  the  next  section. 

Marginal  Inductance  Failures  - Five  parts  in  Cell  6 failed  due  to  marginally 
low  inductance  only.  The  inductance  of  all  four  parts  was  marginal  upon  receipt 
and  during  life  test  the  inductance  decreased  only  slightly  (about  5%)  and  gradually. 
In  general,  all  of  the  inductors  on  test  showed  a slight  gradual  decrease  in 
inductance  during  life.  Only  these  four  parts  which  were  very  borderline  upon 
receipt  failed  as  a result  of  this  shift.  To  determine  the  cause  of  the  decrease 
and  to  determine  if  the  mechanisms  responsible  for  the  failures  in  Cells  1 through  4 
were  progressing  in  Cells  5 through  7,  these  four  parts  and  representative  survivors 
from  Cell  7 were  metallurgical ly  cross-sectioned. 

The  cross  sections  of  the  failed  parts  disclosed  that  the  winding  insulation  had 
diffused  into  the  epoxy  cement  as  illustrated  in  Figure  R8.  The  turns  of  wire 
adjacent  to  the  core  were  flattened  as  shown  in  Figure  R9,  but  enough  insulation 
remained  to  prevent  any  turn  from  shorting  to  the  core. 

In  the  Cell  7 survivors  the  turns  were  flattened  as  shown  in  Figure  RIO  and  the 
epoxy  cement  was  slightly  darkened  as  shown  in  Figure  R1 1 , Indicating  that  some  of 
the  insulation  probably  diffused  into  the  epoxy.  These  findings  indicate  that  the 
slight  decrease  in  inductance  was  probably  caused  by  dielectric  deterioration 
due  to  the  diffusion  of  the  insulation.  This  mechanism  is  only  important  if  a 
slight  decrease  in  inductance  would  affect  circuit  performance.  More  importantly 
the  findings  show  that  eventually,  due  to  the  diffusion  and  due  to  thermal  expansion 
of  the  materials,  an  abrupt,  possible  catastrophic,  drop  in  inductance  and  Q-factor 
will  occur. 

Open  Leads  - Four  step  stress  parts  and  five  life  test  parts  failed  catastro- 
phically because  one  or  both  of  the  external  leads  broke  off  of  the  package.  A 
tin-based  solder  was  used  to  attach  the  external  leads  to  the  gold-plated  inductor 
mounting  tabs.  After  exposure  to  elevated  temperature,  the  joints  deteriorated 
due  to  scavenging  or  leaching  of  the  gold  by  the  solder  and,  as  a result,  the  joints 
broke  during  handling  of  the  part. 
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FIGURE  R8.  CROSS  SECTION  OF  A CELL  6 PART  THAT  EXHIBITED  LOW  INDUCTANCE  ONLY 
SHOWING  THE  INSULATION  DIFFUSION  (THIS  PART  HAD  BEEN  LEFT  ON  TEST 
AFTER  FAILING  AT  64  HOURS  AND  THEN  REMOVED  AT  9000  HOURS)  - 
P/N  773058-39  - CHIP-HIGH  SELF-RESONANT  FREQUENCY  INDUCTOR 
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FIGURE  RS.  CLOSE-UP  OF  THE  WINDINGS  OF  THE  INDUCTOR  SHOWN  IN  FIGURE  R8  - 
P/N  773058-39  - CHIP-HIGH  SELF-RESONANT  FREQUENCY  INDUCTOR 
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S/N  3^3 : 8000  HOUR,  I00°C,  VQ  CELL  SURVIVOR 

FIGURE  RIO.  CROSS  SECTION  OF  THE  WINDINGS  OF  A CELL  7,  8000  HOUR  SURVIVOR  - 
P/N  773058-39  - CHIP-HIGH  SELF-RESONANT  FREQUENCY  INDUCTOR 


30X 

S/N  34A:  8000  HOURS,  IOO°C,  V0  CELL  SURVIVOR 


FIGURE  R 1 I . CROSS  SECTION  SHOWING  THE  SLIGHTLY  DARKENED  EPOXY  CEMENT  OF  A CELL  7, 
8000  HOUR  SURVIVOR  - P/N  773058-39  - CHIP-HIGH  SELF-RESONANT  FREQUENCY 
INDUCTOR 
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Test  Error  - One  part  in  Cell  4 failed  due  to  low  Q-factor  and  was  removed 
for  analysis.  Bench  testing  did  not  verify  the  failure.  Subsequent  investigation 
established  that  the  low  reading  had  been  caused  by  an  intermittent  high  impedance 
in  the  test  set  interface.  From  this  point  on  in  the  test  program,  parts  exhibiting 
low  Q-factor  only  were  bench  tested  immediately  and  any  part  found  to  have  failed 
due  to  interface  intermi ttencies  was  put  back  on  test. 

R8 . 0 DATA  CORRELATION 

The  Table  R4  failure  analysis  summary  shows  insulation  diffusion  and  thermal 
expansion  as  the  primary  failure  mechanism.  Since  this  mechanism  occurred  primarily 
in  Cells  1 through  4,  the  highest  temperature  test  cells,  there  was  concern  that  the 
parts  were  failing  due  to  a test  induced  overstress  condition.  Therefore,  two 
unpowered  test  cells.  Cells  6 and  7,  were  added  to  the  test  program  to  provide  lower 
temperature  (125°C  and  100°C)  data.  Cells  6 and  7 accumulated  9000  hours  with 
none  of  the  catastrophic  failures  typical  of  Cells  1 through  4.  However,  Cell  6 
(125°C)  experienced  five  inductance  failures  attributed  to  the  same  insulation 
diffusion  mechanism  experienced  in  Cells  1 through  4.  Internal  examination  of 
some  Cell  7 (100°C)  survivors  revealed  the  onset  of  the  same  insulation  diffusion 
mechanism.  Since  the  preliminary  part  drawing,  773058,  identifies  a maximum 
operating  temperature  limit  of  125°C,  the  Cell  6 and  7 results  show  the  insulation 
degradation  mechanism  occurs  within  the  part  temperature  limits  and  is  therefore, 
a valid  mechanism  for  analysis. 

Five  other  life  test  failures  were  caused  by  degradation  of  the  MDAC-East  installed 
test  leads.  Since  these  leads  were  installed  for  test  purposes  only,  and  are  not 
typical  of  5AM-D  usage,  these  five  failures  were  discounted  for  data  analysis 
purposes . 

Data  analysis  was  focused  on  the  Cells  1 through  4 catastrophic  failures.  Since 
failure  time  interpolation  was  not  possible,  failures  were  assumed  to  have  occurred 
at  the  midpoint  of  the  measurement  interval.  [Note:  When  catastrophic  failures 

were  encountered,  the  measurement  intervals  were  shortened  to  allow  more  precise 
failure  time  estimates.]  The  lognormal  failure  distribution  and  the  Arrhenius 
model  have  been  used  oreviously  to  describe  insulation  life  characteristics  [Rl]. 
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This  approach  was  investigated  and  found  to  adequately  represent  the  data. 

Figures  RI2  and  R1 3 shows  Cells  1 through  4 cumulative  failure  distributions  on 
lognormal  probability  paper.  No  "freak",  or  early  failure,  population  is 
discernable.  The  pertinent  data  is  summarized  in  Table  R5.  Note  that  Cells  1, 

2 and  3,  although  at  the  same  ambient  temperature,  had  different  internal  temperatures ; 
therefore,  four  temperature  data  points  were  available  for  the  Arrhenius  evaluation. 

The  Figure  R14  Arrhenius  plot  includes  the  four  data  points;  however,  the  Arrhenius 
relationship  was  defined  using  the  Cell  1,  2 and  4 data  because  they  provided  the 
lowest  activation  energy  and,  consequently,  the  most  conservative  estimate  of  median 
life.  The  Arrhenius  equation  can  be  represented  as  follows: 

In  t = _73  ]29  + ?..•  PJ 

In  l50%  kT 


Storage  failure  rates  can  be  calculated  using  the  following  equation  and  the 
"pooled"  value  for  standard  deviation: 


l 


t exp 


[In  t + 73.129  - 
2(1 .46)2 


oo 

/ 


t1"  eXP  C 


[In  t'  + 73.139  - ^yp]2 


2(1 .46)* 

,-10 


-]  df 


The  calculated  A(t).,„„  is  4.4  x 10’  failures  per  hour. 
MAX 


R9.0  CONCLUSIONS  AND  RECOMMENDATIONS 

o Although  the  calculated  failure  rate  (4.4  x 10  ^ failures  per  hour)  appears 
to  be  an  acceptable  number,  the  detected  onset  of  the  insulation  diffusion 
failure  mechanism  in  the  100°C  test  cell  requires  further  investigation 
of  lot-to-lot  variability.  This  part  should  be  considered  marginal  for 
extended  usage  or  storage  at  part  temperatures  of  100°C  or  greater, 
o The  nature  of  the  insulation  degradation  failure  mechanism  and  the  lack 
of  a discernable  freak  population  would  indicate  that  a high  temperature 
(1001)  screening  test  is  not  appropriate.  However,  a high  temperature 
sampling  inspection  test  would  serve  to  identify  marginal  lots. 
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PART  TEMPERATURE  - 167“C 
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STD.  DEVIATION3! .47 
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FIGURE  R12.  CUMULATIVE  FAILURE  DISTRIBUTION  FOR  CELL  1 (TOP)  AND 
CELL  2 (BOTTOM)  - P/N  773058*39  * H I Gh  SELF-RESONANT 
FREQUENCY  INDUCTOR  CHIP 
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CUMULATIVE  PERCENTAGE  FIALURES  (») 


FIGURE  R 1 3 - CUMULATIVE  FAILURE  DISTRIBUTION  FOR  CELL  3 (TOP)  AND 
CELL  A (BOTTOM)  - P/N  773058-39  - HIGH  SELF-RESONANT 
FREQUENCY  INDUCTOR 
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TABLE  R5-  SUMMARY  DATA  - P/N  773058-39  - 

CHIP-HIGH  SELF-RESONANT  FREQUENCY 
INDUCTOR 


CELL 

NO. 

TEST 

VOLTAGE 

(VOLTS) 

NUMBER 

OF 

FAILURES 

ta 

(°C) 

tint. 

(CC) 

MEDIAN 

LIFE 

(HOURS) 

STANDARD 

DEVIATION 

(HOURS) 

1 

0.46 

25 

150 

167 

79 

1 .47 

2 

0.36 

25 

150 

161 

166 

1 .06 

3 

0 

13 

150 

150 

8029 

1 .79 

4 

0.44 

8 

125 

141 

8409 

1 .83 

TEMPERATURE 
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TIME-HRS. 


FIGURE  RU.  ARRHENIUS  PLOT  - P/N  773058-39  - 

HIGH  SELF-RESONANT  FREQUENCY  INDUCTOR  CHIP 
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51 .0  PART  DESCRIPTION 

The  Ferrite  Bead  Inductor,  P/N  773059,  is  manufactured  by  Piconics  Incorporated. 

The  test  devices  were  delivered  in  chip  form  as  depicted  in  Figure  SI,  and  leads 
were  attached  by  MDAC-EAST  for  the  test  program. 

52.0  CONSTRUCTION  ANALYSIS 

Table  SI  is  a summary  of  the  pertinent  physical  details  of  this  device  while 
Figure  S2  provides  a cross  sectional  view  of  the  device  and  an  x-ray  enlargement. 

The  encapsulating  material  is  diallyl  phthalate  which  imposed  a 175°C  limit  on 
testing.  In  order  to  apply  bias  it  was  necessary  to  attach  leads  and  this  was 
accomplished  by  soldering  nickel  leads  to  the  parts  using  221°C  solder.  Figure  S3 
shows  the  test  configuration. 

The  typical  SAM-D  configuration  is  pictured  in  Figure  $4.  It  consists  of  the 
ferrite  bead  inductor  soldered  to  a ceramic  printed  circuit  board. 

53. 0 ELECTRICAL  TEST  CRITERIA 

Table  S2  lists  the  electrical  tests  for  this  device. 

54.0  BIAS  CIRCUIT  ANALYSIS 

The  device  was  operated  at  the  maximum  rated  DC  current,  200  mA,  as  the  ambient 
temperature  was  elevated  from  25°C  to  175°C.  The  temperature  rise  due  to  power 
dissipation  at  175°C  ambient  was  1°C.  This  was  not  enough  rise  to  restrict  testing 
below  175°C,  which  was  tentatively  selected  as  the  maximum  ambient  temperature  for 
the  life  test.  The  maximum  electrical  limit  selected  was  200  mA. 

55.0  STEP  STRESS  TEST  RESULTS 

Twenty-five  devices  were  subjected  to  a step  stress  test  consisting  of  four  16 
hour  steps  at  25°C  intervals  starting  at  125°C  and  concluding  at  200°C.  No  failures 
occurred  through  the  175°C  step.  The  step  stress  test  is  summarized  in  Figure  S5. 
The  maximum  conditions  for  the  life  test  which  had  been  selected  (175°C,  200  mA) 
were  considered  acceptable. 

S6.Q  LIFE  TEST  CONDITIONS  AND  RESULTS 

Figure  S5  includes  the  life  test  conditions  for  each  cell.  As  shown  in  the  Table  S3 
Surunary,  Cells  1,  2 and  3 were  halted  after  2000  hours  with  25,  23  and  26  failures 
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FIGURE  SI.  EXTERNAL  CONSTRUCTION  - P/N  773059 
FERRITE  BEAD  INDUCTOR 


3IALLYL  Pli 


TOROID 


WIND  IN 


JtJfc 


CROSS  SECTION 


X-RAY  ENLARGEMENT 


FIGURE  S2 . INTERNAL  CONSTRUCTION  - P/N  773059 
FERRITE  BEAD  INDUCTOR 
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TABLE  SI.  PART  CONSTRUCTION  DETAILS  - P/N  773059  - 
FERRITE  BEAD  INDUCTOR 

A.  IDENTIFICATION 

1.  Part  Name:  Ferrite  Bead  Inductor 

2.  Part  Number:  773059 

3.  Part  Manufacturer:  Piconics  Inc. 

A.  Manufacturer's  Part  Number:  PG272K0F 

B.  EXTERNAL  PACKAGE 

1.  Type:  Molded  Dial  1 y 1 Phthalate  Chip 

2.  Weight:  0.088  gram 

3.  Materials: 

a)  Body:  Dial  1 y 1 Phthalate 

b)  End  Caps:  Nickel  over  tungsten 

C.  INTERNAL 

1.  Materials: 

a)  Core:  Ferrite 

b)  Windings:  0.00A  inch  copper  wire 

c)  Winding  Insulation:  Polynylon  (Nylon  covered  polyurethene) 


2.  Interconnections: 
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FIGURE  S3.  DEVICE  WITH  LEADS  ATTACHED  (TEST  CONFIGURATION)  - 
P/N  773059  - FERRITE  BEAD  INDUCTOR 
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TABLE  S2 . ELECTRICAL  TEST  CONDITIONS  - P/N  773059  - 
FERRITE  BEAD  INDUCTOR 


TEST 

NO 

PARAMETER 

SYMBOL 

CONDITIONS 

LIM 

TS 

UNITS 

MIN 

MAX 

D.  C.  RESISTANCE 

R 

" 

- 

0.15 

ft 

2 

SERIES  RESISTANCE 

Rs 

f = 60  MHz 

200 

- 

U 

I3 

SERIES  REACTANCE 

xs 

f = 60  MHz 

55 

195 

n 

IMPEDANCE 

z 

DC  BIAS  CURRENT  = 0 mA 
f = 10  MHz 

50 

- 

u 

5 

f = J*0  MHz 

150 

- 

a 

6 

f = 60  MHz 

200 

- 

n 

7 

DIELECTRIC  WITHSTANDING 
VOLTAGE 

500  V APPLIED  BETWEEN 

rms 

CASE  AND  TERMINATIONS 
TIED  TOGETHER 

100 

V A 

8 

INSULATION  RESISTANCE 

1 R 

500  Vdc  APPLIED  BETWEEN 
CASE  AND  TERMINATIONS 
TIED  TOGETHER 

io4 

“ 

Mfi 

9 

IMPEDANCE 

Z 

DC  BIAS  CURRENT  = 100mA 
f = 10  MHz 

35 

- 

n 

10 

f ^ ^0  MHz 

110 

- 

n 

1 1 

f = 60  MHz 

150 

n 

ALL  TESTS  CONDUCTED  FOR  INITIAL  AND  FINAL  TEST. 


TESTS  1 THROUGH  6 CONDUCTED  FOR  INTERIM  TESTS. 
ALL  TESTS  CONDUCTED  AT  25°C. 

A\  CALCULATED  USING  IMPEDANCE  AND  PHASE  ANGLE. 
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STEP  STRESS  AND  LIFE  TEST  CIRCUIT 

v.. 


OUT  IS  1 1 


STEP  STRESS  TEST  - FAILURE  SUMMARY  (25  DEVICES) 


AMBIENT  TEMP  (°C) 

1 (mA) 

CUMULATIVE  FAILURES 

125 

200 

0 

150 

200 

0 

175 

200 

0 

200 

200 

1 

LIFE  TEST  CONDITIONS 


TEST  CELL 
NUMBER 


A 

AMBIENT 

TEMPERATURE 

(°C) 


V 

DEVICE 

VOLTAGE 


DEVICE 

CURRENT 


d 

POWER 

DISSIPATION 


(VOLTS)  (Mil. LI AMPS)  (MILLIWATTS) 
0.032  200  6.4 

0.024  150  3.6 

0 0 0 

0.030  200  6.0 

0.029  200  5.8 


FIGURE  S5.  STEP  STRESS  RESULTS  AND  LIFE  TEST  CONDITIONS  - P/N  773059  - 
FERRITE  BEAD  INDUCTOR 
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respectively.  These  cells  were  allowed  to  continue  beyond  50%  failure  to  provide 
additional  data  for  analysis.  As  the  failure  degradation  trend  became  apparent, 
additional  measurement  times  were  incorporated  to  provide  more  resolution  for 
failure  time  determination. 

57.0  FAILURE  ANALYSIS 

A summary  of  the  failure  analysis  results  is  presented  in  Table  S4. 

Series  Reactance  Failures  - Seventy-eight  (78)  life  test  parts  failed  due  to 
low  series  reactance.  Metallurgical  cross  sections  of  failed  inductors  established 
that  the  low  reactances  were  caused  by  deterioration  of  the  winding  insulation  and 
short-circuits  between  turns  and  the  core  identical  to  that  which  occurred  in  the 
773058-39  inductor.  Figure  S6  shows  that  the  insulation  on  the  copper  wire  had 
diffused  into  the  epoxy  cement  (used  to  attach  the  toroid  to  the  ceramic  substrate) 
as  indicated  by  the  dark  appearance  of  the  epoxy  in  the  three  failed  inductors 
compared  to  that  of  the  unstressed  inductor.  As  a result  of  the  insulation 
deterioration  and  thermal  expansion  of  the  materials,  turns  had  shorted  to  the 
toroid  core  as  illustrated  in  Figure  S7.  In  addition  to  the  failure  mechanisms, 
other  types  of  deterioration  was  observed,  particularly  in  the  175°C  parts.  The 
diallyl  phthalate  of  most  of  t.ie  parts  had  shrunk,  as  illustrated  in  Figure  S8, 
and  its  color  had  changed  from  blue  to  grey.  One  part  examined  contained  a cracked 
ceramic  substrate  as  shown  in  Figure  S9  and  two  parts  contained  a cracked  toroid 
core  as  illustrated  in  Figure  S10.  All  of  the  reactance  failures  occurred  only 
in  Cells  1 through  4 (at  175°C  or  150°C),  but  cross  sections  of  survivors  from 
Cell  5 showed  that  the  same  mechanisms  were  progressing  at  125°C.  As  illustrated 
in  Figure  S 1 1 , the  epoxy  was  slightly  discolored  indicating  that  some  of  the 
insulation  probably  diffused  into  the  epoxy  cement  and  one  turn  had  shorted  to 
the  core. 

58.0  CATA  CORRELATION 

The  Table  S4  failure  analysis  summary  attributes  all  failures  to  the  same  mechanisms, 
insulation  diffusion  and  thermal  expansions.  These  results  are  similar  to  those 
discussed  in  paragraph  R9.0  for  P/N  773058-39,  and  the  same  analysis  methods  were 
generally  followed.  One  distinction  is  that  this  ferrite  bead  inductor  exhibited 
a degradation  pattern  as  opposed  to  catastrophic  failure.  Therefore,  interpolation 
techniques  were  used  to  estimate  device  failure  times. 

S9 


vk  ikivvi  i i ooi/oi  n s as i»oiv>ii/rics  compaaii'-  east 


STORAGE  RELIABILITY 

OF  MISSILE  MATERIEL 


REPORT  MDC  E160I 

29  APRIL  1977 


TABLE  S3.  LIFE  TEST  SUMMARY  - P/N  773059  - 
FERRITE  BEAD  INDUCTOR 


TEST  CELL  DESCRIPTION 


CELL 

NO 

APPLIED 

BIAS 

AMB. 

TEMP. 

QUANT  1 TY 

i 

MAX  VOLT 

175  °C 

30 

2 

MID  VOLT 

1 75°C 

! 30 

3 

7 FRO  VOLT 

175°C 

30 

4 

MAX  VOLT 

150°C 

30 

5 

MAX  VOLT 

125°C 

30 

* TEST  TERMINATED 

CUMULATIVE  FAILURES  AT  HOURS  OF  TEST 
A 8 16  32  64  128  256  512  1000  1500  2000  2500  3000 

oio:  0 0 0 0 0 0 5 23  25* 

I 

0!  0]  0 0 0 1 1 1 8 20  23* 


0|  00000  0 0 8 26  2 6* 

000000  00  0 0 0 

000000  0 0 0 0 0 


VJ1 

o 

o 

2000 

2500 

3000 
i 

4000  16000 

23 

25* 

20 

23* 

26 

2 6* 

0 

0 

0 

0 

0 4* 

0 

0 

0 

0 

0 ! 0* 

TABLE  Si*.  FAILURE  ANALYSIS  SUMMARY  - P/N  773059 
FERRITE  BEAD  INDUCTOR 


A.  FAILED  PARAMETERS  OR  SYMPTOMS 

B.  FAILURE  MODE 

C.  FAILURE  MECHANISM 
0.  CAUSE  OF  FAILURE 

7 LOW  EQUIVA  SERIES  REACTANCE 

B.  SHORTED  TURNS 

C.  DIFFUSION  OF  INSULATION  AND  THER 
EXPANSIONS 

D.  MATERIAL  LIMITATIONS 

TOTAL  NUMBER  OF  FAILED  PARTS 


QUANTITY  OF  FAILURES  AND  TIME  (HOURS)  OF  FAILURES! 


VMAX 

VMID 

vo 

CELL  1 

CELL  2 

CELL  3 

501000 

10128 

801000 

1801500 

701000 

1801500 

202000 

1201500 

302000 

25 

23 

26 
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AOOX 

S/N  38:  1000  HOUR,  1 75°C , Vuftv  CELL  FAILURE 

maa 


400X 


S/N  9A:  1000  HOURS,  175°C,  VQ 

FIGURE  S7-  TWO  EXAMPLES  OF  TURN-TO-CORE 
FERRITE  BEAD  INDUCTOR 


CELL  FAILURE 
SHORTS  - P/N  773059  - 
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UNSTRESSED  INDUCTOR 


m 


20X 

S/N  9^:  1000  HOURS,  175°C,  VQ  CELL  FAILURE 

FIGURE  S8.  EXAMPLE  OF  DIALLYL  PHTHALATE  SHRINKAGE  - P/N  773059  * 
FERRITE  BEAD  INDUCTOR 
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20X 

S/N  38:  1000  HOURS,  175°C,  Vunv  CELL  FAILURE 

NAA 

FIGURE  S9.  PART  WITH  CRACKED  CERAMIC  SUBSTRATES  - P/N  773059  - 
FERRITE  BEAD  INDUCTOR 


57X 

S/N  38:  1000  HOURS,  175°C,  VMAX  CELL  FAILURE 

FIGURE  S10.  EXAMPLE  OF  CRACKED  TOROID  CORE  - P/N  773059  - 
FERRITE  BEAD  INDUCTOR 
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57X 

S/N  1 9 i : 6000  HOURS,  I25°C,  VUAV  CELL  SURVIVOR 

MAX 

FIGURE  Sll.  CROSS  SECTION  OF  A CELL  5 SURVIVOR  SHOWING  SHORTED  TURN  (ARROWS) 
AND  DISCOLORED  EPOXY  - P/N  773059  - FERRITE  BEAD  INDUCTOR 
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Figures  Si 2 and  S13  are  cumulative  lognormal  failure  plots  for  Cells  1 through  4. 

All  show  a good  fit  for  the  lognormal  failure  distribution.  Cell  4,  the  150°C 
test  cell,  experienced  four  failures;  however,  five  additional  parts  were 
degrading  sufficiently  to  allow  extrapolation  of  times  to  failure.  Cells  1,  2 and 
3 were  at  approximately  the  same  temperature  and  provided  almost  identical  results. 
Cell  3,  the  unbiased  test  cell,  had  the  lowest  median  lifetime  of  the  three  175°C 
cells,  suggesting  that  voltage  was  not  an  accelerator  and  had  little  or  no  influence 
on  the  test  outcome.  Therefore,  the  data  of  the  three  175°C  test  cells  were 
combined  for  analysis  purposes  and  the  Figure  S14  cumulative  failure  distribution 
shows  a good  fit  for  the  lognormal  failure  distribution.  Distribution  data  is 
summarized  in  Table  S5. 
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The  Figure  S 1 5 Arrhenius  plot,  based  on  the  150°C  and  175°C  median  lifetimes  can 
be  represented  by  the  following  equation: 

in  t50J  • -26.5936  * L|064 


The  "pooled"  technique  was  used  to  calculate  the  distribution  variance.  Having 
defined  the  failure  distribution,  the  median  lifetime  and  the  variance,  the 
following  equation  was  used  to  calculate  the  instantaneous  failure  rate  for  a 
storage  environment: 


1 [In  t + 26.5936  - 1.3064(^) 


t exp 


2(0. 32)‘ 


/ 


p-  [exp  - 


[In  t‘  + 26.5936  - 1 . 3064(1^) 


2(0.32) 


t 


■]  dt' 


-14 

The  calculated  x(t)  is  5.1  x 10  failures  per  hour. 

MAX 

The  preliminary  specification  stipulates  125°C  as  the  maximum  operating  temperature. 
Although  no  failures  occured  in  the  125°C  test  cell,  cross  sections  of  survivors 
from  that  test  cell  showed  that  the  same  mechanisms  were  progressing.  This  would 
indicate  that  additional  investigation  is  required  for  this  part. 
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102  i- 


1 2 5 10  20  30  40  50  60  70  80  90  95  98  99 

CUMULATIVE  PERCENTAGE  FAILURES  (%) 


FIGURE  S 1 3 . CUMULATIVE  FAILURE  DISTRIBUTION  FOR  CELL  3 (TOP)  AND 
CELL  A (BOTTOM)  - P/N  773059  - FERRITE  BEAD  INDUCTOR 
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CUMULATIVE  PERCENTAGE  FAILURES  (t) 


FIGURE  SI  4. 


CUMULATIVE  FAILURE  DISTRIBUTION  FOR  CELLS 
P/N  773059  ' FERRITE  BEAD  INDUCTOR 


2 AND  3 COMBINED  - 
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TABLE  S5.  SUMMARY  DATA  - P/N  773059  - 
FERRITE  BEAD  INDUCTOR 


CELL 

NO. 

TEST 

VOLTAGE 

(VOLTS) 

NUMBER 

OF 

FAILURES 

ta 

(°C) 

MEDIAN 

LIFE 

(HOURS) 

STANDARD 

DEVIATION 

(HOURS) 

1 

0.032 

25 

175 

176 

1283 

0.252 

2 

0.024 

’23 

175 

176 

1326 

0.408 

3 

0 

26 

175 

175 

1139 

0.278 

4 

0.030 

,A 

150 

151 

9111 

0.358 

1,2,3 

— 

74^ 

175 

176 

1244 

0.317  ^ 

A INCLUDES  5 EXTRAPOLATED  FAILURES 
A COMBINED  DATA  FROM  CELLS  1 , 2 AND  3 
A CALCULATED  USING  POOLED  TECHNIQUE 
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TIME  - HRS 


FIGURE  S 1 5 • ARRHENIUS  PLOT  - P/N  773059  - 
FERRITE  BEAD  INDUCTOR 
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CONCLUSIONS  AND  RECOMMENDATIONS 

o Although  the  calculated  failure  rate  (5.1  x 10”'^  failures  per  hour) 
appears  acceptable,  the  presence  of  the  insulation  diffusion  mechanism 
in  the  125°C  test  cell  requires  further  investigation  for  lot-to-lot 
variabil i ty . 

o The  nature  of  the  insulation  degradation  failure  mechanism  and  the  lack 
of  a discernable  "freak"  population  would  indicate  that  a high  temperature 
100%  screening  test  is  not  appropriate.  However,  a high  temperature 
sampling  inspection  test  would  serve  to  identify  marginal  lots. 
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APPENDIX  T 
P/N  773060-300 
CERAMIC  CHxP  RESISTOR 


TABLE  OF  CONTENTS 

SECTION  PAGE 


T1.0  PART  DESCRIPTION T2 

T2.0  CONSTRUCTION  ANALYSIS  T2 

T3.0  ELECTRICAL  TEST  CRITERIA T2 

T4.0  BIAS  CIRCUIT  ANALYSIS T2 

T5.0  STEP  STRESS  TEST  RESULTS T6 

T6.0  LIFE  TEST  CONDITIONS  AND  RESULTS T6 

T7.0  FAILURE  ANALYSIS  T6 

T8.0  DATA  CORRELATION T6 

T9. 0 CONCLUSIONS  AND  RECOMMENDATIONS  T12 


T1 

MCOOIVIVELL  DOUGLAS  4STBO»4UTICS  COMPAIvr-tASr 


STORAGE  RELIABILITY 

OF  MISSILE  MATERIEL 

T1 .0  PART  DESCRIPTION 
The  Ceramic  Chip  Resistor,  P/N  773060-300,  is  manufactured  by  Cal-R-Incorporated. 
The  test  devices  were  delivered  in  chip  form  as  depicted  in  Figure  T1 . 

T2.0  CONSTRUCTION  ANALYSIS 

Table  T1  is  a summary  of  the  pertinent  physical  details  of  the  resistor.  The 
ruthenium  base  resistor  material  and  the  platinum/gold  conductor  pads  are  fired  on 
a 96%  alumina  ceramic  carrier.  This  device  contains  no  materials  that  limited 
testing  below  300°C. 

The  typical  SAM-D  configuration  is  pictured  in  Figure  T2.  It  consists  of  a part 
identical  to  the  life  test  device  soldered  to  a ceramic  printed  circuit  board. 

T3.0  ELECTRICAL  TEST  CRITERIA 

The  electrical  test  for  this  device  is  resistance.  Table  T2  provides  the  limits 
for  this  test. 

T4.0  BIAS  CIRCUIT  ANALYSIS 

Upon  receiving  the  parts  a "mini"  life  test  was  initiated  which  consisted  of 
several  devices  stored  at  250°C  and  periodically  removed  for  measurement.  The 
resistance  continued  to  increase  through  the  course  of  this  1000  hour  experiment. 

A lead  attach  evaluation  was  initiated  which  included  several  types  of  solder. 
Devices  were  both  hand  soldered  and  dip  soldered.  In  all  cases,  the  lead  attach 
joints  were  fragile  and  failed  when  raised  to  elevated  ambient  temperatures.  This 
was  not  surprising  because  of  the  extremely  small  surface  area  (0.034  inch  x 
0.063  inch)  available  for  attaching  leads.  It  was  in  anticipation  of  this 
eventuality  that  the  "mini"  life  test  was  initiated. 

Based  on  the  results  of  the  "mini"  life  test  (resistance  degradation  but  no 
catastrophic  failures)  and  the  inability  to  attach  permanent  soldered  leads,  it 
was  decided  that  an  unbiased  life  test  would  be  performed  at  five  different 
temperatures . 
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TABLE  Tl.  PART  CONSTRUCTION  DETAILS  - P/N  773060-300  - 
CERAMIC  CHIP  RESISTOR 


A.  IDENTIFICATION 

1.  Part  Name:  Ceramic  Chip  Resistor 

2.  Part  Number:  773060-300 

3-  Part  Manufacturer:  Cal-R-Inc. 

Manufacturer's  Part  Number:  N/A 

B.  EXTERNAL  PACKAGE 

1.  Type:  Resistor  and  conductor  pads  fired  on  96%  alumina  ceramic 

carrier. 

2.  Weight:  0.0066  gram 

3-  Materials: 

a)  Carrier:  36%  alumina  ceramic 

b)  Resistor:  Ruthenium  base  fire-on  material  (Electro  Material 

Corp.  of  Am.) 

c)  Conductor  Pads:  P 1 at i num/Gol d 


TABLE  T2 . ELECTRICAL  TEST  CONDITIONS  - P/N  773060-300  - 
CERAMIC  CHIP  RESISTOR 
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1 . 9X 

DEVICE  MOUNTED  ON  CIRCUIT  BOARD 


9-7X 


CLOSE-UP  OF  DEVICE 


FIGURE  T2 . TYPICAL  SAM-D  CONFIGURATION  - P/N  773050  - 
CERAMIC  CHIP  RESISTOR 
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T5.0  31 EP  STRESS  TEST  RESULTS 

A step  stress  test  was  not  required  because  the  "mini"  life  test  which  was 
performed  (Paragraph  T4.0)  at  250°C  produced  no  catastrophic  failures.  Since  five 
temperatures  were  to  be  utilized,  two  were  selected  (100°C  and  125°C)  near  the 
specified  operating  temperature.  The  remaining  three  cells  were  at  150°C,  175°C 
and  200°C . 

T6.0  LIFE  TEST  CONDITIONS  AND  RESULTS 

The  life  test  conditions,  as  previously  stated,  consisted  of  five  unbiased  cells 
at  25°C  increments  from  100°C  to  200°C.  The  life  test  was  continued  until  all 
cells  had  reached  10,000  hours.  Only  three  failures  were  generated,  all  from 
Cell  1 (200°C).  Table  T3  is  a summary  of  the  life  test. 

T7.0  FAILURE  ANALYSIS 

The  failure  analysis  results  are  sumnarized  in  Table  T4.  Visual  examination  of  the 
three  failed  parts  did  not  establish  the  cause  of  degradation.  Because  the 
failures  were  only  slightly  below  the  specification  limit,  further  failure  analysis 
was  not  performed  and  the  exact  cause  of  failure  was  not  determined. 

T8.0  DATA  CORRELATION 

The  Table  T4  failure  analysis  summary  shows  a total  of  three  test  failures,  all  in 
the  highest  temperature  test  cell,  200°C.  No  catastrophic  failures  were  encountered. 
The  three  failures  were  tolerance  failures,  i.e.,  the  measured  resistance  exceeded 
the  upper  tolerance  limit  of  13650  ohms.  Since  the  life  tests  were  conducted  using 
only  temperature  as  an  accelerator,  all  failures  are  considered  applicable  to  a 
storage  environment.  The  Figure  T3  plot  of  the  normalized  average  resistance  at 
the  discrete  measurement  times  shows  that  the  resistors  in  each  test  cell  displayed 
an  increasing  resistance  characteristic  which  was  a function  of  both  test  time  and 
temperature.  The  average  value  of  the  control  samples,  which  were  stored  at 
laboratory  conditions,  nominally  25°C,  had  a maximum  change  of  0.02%  during  the 
test  period. 

Insufficient  failures  in  the  test  program  resulted  in  the  use  of  extrapolation 
techniques  to  estimate  the  average  (or  median)  times  to  failures.  This  was 
considered  a satisfactory  approach  since  all  test  parts  were  exhibiting  increasing 
resistance  with  time,  the  rate  of  increase  being  proportional  to  the  ambient  test 
temperature.  Analysis  of  the  resistance  distribution  in  each  cell,  all  at  discrete 


T6 


MCOOWWEU.  DOUGLAS  ASTRONAUTICS  COMRART-EAST 


STORAGE  RELIABILITY 

OF  MISSILE  MATERIEL 


REPORT  MDC  E1601 

29  APRIL  1977 


TABLE  T3.  LIFE  TEST  SUMMARY  - P/N  773060-300 
CERAMIC  CHIP  RESISTOR 


TEST  CELL  DESCRIPTION 


CUMULATIVE  FAILURES  AT  HOURS  OF  TEST 


«*■  ^^pNT  QTY  4 8 16  32  64  128  256  512  1000  2500  4000  6000  8000  10,000 

1 ZERO  VOLT.  200*C  30  00000001  1 1 3 3 3 3* 

2 ZERO  VOLT.  175-C  30  00000000  0 0 0 0 0 0* 

3 ZERO  VOLT.  150*C  30  00000000  0 0 0 0 0 0* 

4 ZERO  VOLT.  125“C  30  00000000  0 0 0 0 0 0* 

5 ZERO  VOLT.  100'C  30  00000000  0 0 0 0 0 0* 

•TEST  TERMINATED 


TABLE  Ik.  FAILURE  ANALYSIS  SUMMARY  - P/N  773060*300 
CERAMIC  CHIP  RESISTOR 


A.  FAILED  PARAMETER  OR  SYMPTOMS 

QUANTITY  OF  FAILURES  ANO  TIME  (HOURS)  OF  FAILURE 

B.  FAILURE  MODE 

200°  C 

1 75°C 

150°C 

125°C 

100°C 

C.  FAILURE  MECHANISM 

ZERO  VOLTS 

ZERO  VOLTS 

ZERO  VOLTS 

ZERO  VOLTS 

ZERO  VOLTS 

D.  CAUSE  OF  FAILURE 

CELL  1 

CELL  2 

CELL  3 

CELL  4 

CELL  5 

A.  RESISTANCE 

10512 

B,  C,  0 NOT  DETERMINED 

204000 

TOTAL  NUMBER  OF  FAILED  PARTS 
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51 

o 

Rt=0  = AVERAGE  RESISTANCE  at  zero  time 

O 

R.  = AVERAGE  RESISTANCE  AT  INTERIM  TIME 

TIME  - HOURS  X 1000 


FIGURE  T3 . NORMALIZED  AVERAGE  RESISTANCE  TIME/TEMPERATURE  DEGRADATION 
P/N  773060-300  - CERAMIC  CHIP  RESISTOR 
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measurement  times,  revealed  skewed  normal  distributions  which  could  adequately  be 
depicted  by  lognormal  distributions.  Figure  T4  shows  the  pre-test  resistance 
cumulative  distribution  function  for  the  200°C,  175°C,  and  100°C  test  cells, 
plotted  on  lognormal  probability  paper.  While  the  shape  of  the  distributions 
remained  relatively  stable  during  8000  hours  of  life  tests,  the  average  resistance 
increased  as  a function  of  time  and  temperature,  as  shown  in  Figure  T5.  (Note  that 
the  100°C  data  is  for  the  4696  hour  test  point).  Note  that  the  test  data  continues 
to  describe  a lognormal  distribution  and  that  the  variances  remained  relatively 
unchanged.  These  results  were  typical  for  all  test  cells.  From  this  analysis  it 
was  concluded  for  extrapolation  purposes  that  the  assumption  of  a lognormal 
resistance  distribution  was  reasonable  and  that  the  variances  of  this  distribution 
would  remain  constant  over  the  extrapolation  time  period. 

Data  analysis  of  the  three  lower  temperature  cells  (100°C,  125°C  and  150°C)  indicates 
that  resistance  is  increasing  linearly  with  time,  thus  allowing  the  use  of  linear 
regression  techniques  to  predict  resistance  behavior.  However,  analysis  of  the  175°C 
and  200°C  test  data  indicates  the  resistance  is  best  described  by  a second  order 
polynomial,  due  to  a departure  from  linearity  during  the  latter  portion  of  the  test. 
This  suggests  that  the  lower  temperature  test  cells  (100°C,  125°C  and  150°C)  may 
also  depart  from  linearity  if  sufficient  test  time  could  be  accumulated.  Therefore, 
use  of  the  lower  temperature  test  cells  as  the  basis  for  failure  extrapolation 
could  provide  an  optimistic  estimate  of  storage  reliability.  Since  extrapolation  is 
required,  the  more  conservative  approach  of  utilizing  the  200°C  and  175°C  test  data 
was  selected  as  the  basis  for  failure  rate  evaluation. 

The  second  order  polynomials  describing  the  175°C  and  200°C  median  resistances  are 
as  follows: 

t]75  = 130,532  - 270. 962 ( R ' ) + .140935(R')2 
t20Q  = 138,468  - 263. 1 1 4 ( R ' ) + .125555(R')2 

where 

t^j.  = time  to  specified  median  resistance  at  175°C 
t 200  = t’me  to  specified  median  resistance  at  200°C 
R'  = median  resistance  minus  12000ft 

These  equations  were  evaluated  for  median  lifetimes,  that  is,  the  time  for  the 
median  resistance  to  exceed  the  specified  13650ft  limit,  and  the  data  is  summarized 
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1 .012.000 


112.000 


22,000 


13,000 


12,100 


12.010 


MEDIAN  RESISTANCE  * 12.804. 26fl 
STO.  DEVIATION  ■ 0.1582 
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in  Table  T5.  The  175°C  and  200°C  data  yielded  the  following  Arrhenius  equation, 
which  is  shown  graphically  in  Figure  T6. 

0.2739 

1n  t50%  = 4,0218  + ~TT~ 


The  distribution  standard  deviation  was  established  by  "pooling"  the  standard 
deviations  of  the  individual  distributions.  Having  defined  the  failure  distribution, 
the  median  lifetime  and  the  standard  distribution,  the  following  formula  was  used  to 
calculate  the  instantaneous  failure  rate,  A (t),  for  a storage  environment. 


X(t)  = 


X (t) 


, [In  t - 4.0218  - 0.2739(Jy)]2 

y exp -o 

2(0. 82j 


/ 


1 [In  t - 4.0218  - 0.2379(^)]2 

, t'  [exp p ] dt 1 

1 2(0.82; 


Figure  T7  shows  A (t)  as  a function  of  storage  temperature  for  ten  and  twenty  year 
storage  periods.  The  calculated  A(t)^^  is  3.3  x 10  0 failures  per  hour.  This 
estimate  is  conservative  for  the  following  reasons: 

o Extrapolation  techniques  were  used  to  estimate  time  to  failure, 
o Failure  times  were  estimated  using  the  175°C  and  200°C  test  data 
which  departed  from  the  linearity  displayed  by  the  lower  temperature 
test  cells. 

T9. 0 CONCLUSIONS  AND  RECOMMENDATIONS 

o Considering  the  conservative  data  analysis  approach,  the  calculated 
storage  failure  rates  appear  acceptable  over  the  storage  time  and 
temperature  range  of  interest. 

o There  was  no  "freak"  or  infant  mortality,  population  present  in  the  parts 
tested.  The  test  results  indicate  that  high  temperature  testing  up  to 
200°C,  although  causing  a permanent  increase  in  resistance,  can  be 
effectively  utilized  as  a sampling  test  to  ensure  lot  ir.egrity. 
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U 1 . 0 PART  DESCRIPTION 

The  Special  Hybrid  Technology  Substrate,  P/N  773207,  is  a ceramic  substrate  with 
14  fired  resistors  of  Du  Pont  1400-series  resistor  composition.  The  conductors 
are  platinum/gold  composition  insulated  at  crossovers  with  Du  Pont  crystall izable 
glass  dielectric  composition  #8299  fired  on  the  ceramic  substrate.  The  parts  were 
manufactured  by  Raytheon  Missile  Systems  Division. 

1)2 .0  CONSTRUCTION  ANALYSIS 

The  pertinent  physical  details  are  summarized  in  Table  U1 . Figure  U1  is  a 
photograph  of  the  device.  Six  of  the  resistors  were  trimmed  to  specific  values 
for  the  test  program.  Rll  utilizes  300  ohms  per  square  resistor  composition 
and  the  remaining  trimmed  resistors  are  of  30  ohms  per  square  resistor  composition. 
The  part  contains  no  materials  which  limited  testing  below  300°C. 

U3.0  ELECTRICAL  TEST  CRITERIA 

Table  U2  is  a list  of  the  electrical  tests  for  this  device. 

U4 . 0 BIAS  CIRCUIT  ANALYSIS 

A bias  circuit  using  four  power  supplies,  one  for  each  resistor  branch,  was 
initially  used  to  operate  four  of  the  six  trimmed  resistors  at  rated  power 
dissipation.  The  remaining  two  trimmed  resistors  were  at  25%  of  rated  power. 

The  devices  remained  stable  when  operated  in  an  ambient  temperature  of  275°C. 

U5.0  STEP  STRESS  TEST  RESULTS 

Twenty  six  devices  configured  as  discussed  in  the  previous  paragraph  were  subjected 
to  a step  stress  test  consisting  of  seven  16  hour  steps  at  25°C  increments  starting 
at  125°C  and  concluding  at  275°C.  Eighteen  marginal  resistance  failures  were 
generated.  Figure  U2  contains  a summary  of  the  step  stress  test.  In  addition, 

4 catastrophic  failures  occurred  during  the  step  stress  test  that  were  traced  to 
deficiencies  in  the  step  stress  test  fixture.  These  failures  were  not  included 
in  the  Figure  U2  summary  unless  they  had  previously  failed  resistance. 

To  preclude  this  type  of  catastrophic  failure  during  the  life  test,  an  alternate 
circuit  utilizing  only  one  power  supply  was  used.  This  slightly  altered  the 
power  dissipation  to  the  values  provided  in  Figure  U2. 
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TABLE  Ul.  PART  CONSTRUCTION  DETAILS  - P/N  773207  - 
SPECIAL  HYBRID  TECHNOLOGY  SUBSTRATE 


A.  IDENTIFICATION 

1.  Part  Name:  Special  Hybrid  Technology  Substrate 

2.  Part  Number:  773207 

3.  Part  Manufacturer:  Raytheon 

4.  Manufacturer's  Part  Number:  773207 

B.  EXTERNAL  PACKAGE 

1.  Type:  Fourteen  resistors  fired  on  a ceramic  substrate. 

2.  Weight:  3.5  grams 

3.  Materials: 

a)  Resistors:  DuPont  1400-Series  resistor  compositions 

b)  Conductors:  Platinum-gold  conductor  composition 

c)  Dielectric  between  conductor  crossovers:  Crystallizable  glass 

dielectric  composition  #8399. 
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TABLE  U2 . ELECTRICAL  TEST  CONDITIONS  - P/N  773207  ' SPECIAL  HYBRID 
TECHNOLOGY  SUBSTRATE 


TEST  NO 


SYMBOL 

LIM 

ITS 

MAX 

MIN 

R1 

54.  88 

57-12 

R15 

38.0 

42.0 

R16 

38.0 

42.0 

R2  + R 1 1 + R 1 2 

233.76 

324.24 

R(1  - 9) 

A 

A RESISTANCE  BETWEEN  PIN  1 AND  PIN  3 RECORDED  FOR  INFORMATION  ONLY. 

ALL  TESTS  CONDUCTED  AT  T = 25°C,  -55°C  AND  125°C  FOR  INITIAL  AND 
FINAL  TESTS. 

ALL  TESTS  CONDUCTED  AT  Tft  = 25°C  FOR  INTERIM  TEST. 
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STEP  STRESS  TEST  - FAILURE  SUMMARY  (26  DEVICES) 


AMBIENT  TEMP  (°C) 

CUMULATIVE  FAILURES 

1 25°C 

3 

1 50°C 

7 

1 75°C 

9 

200°C 

10 

225°C 

13 

250°C 

18 

275°C 

18 

LIFE  TEST  CONDITIONS 


TEST  CELL 

Ta 

AMBIENT 
TEMP.  (°C) 

% OF 

RATED  POWER 

i 

4- 

NUMBER 

Rl 

R2 

Rll 

Rl  2 

Rl  5 

Rl  6 

1 

263°C 

103 

24 

87 

24 

100 

100 

2 

263°C 

77 

18 

65 

18 

75 

75 

3 

263°C 

0 

0 

0 

0 

0 

0 
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100 
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FIGURE  U2 . STEP  STRESS  RESULTS  AND  LIFE  TEST  CONDITIONS^ 
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U 6 . 0 L IFE  TEST  CONDITIONS  AND  RESULTS 

The  life  test  conditions  for  each  cell  are  included  in  Figure  U2.  The  life 
test  continued  until  all  five  cells  reached  6000  hours,  and  Table  U3  provides 
the  cumulative  failure  summary  at  each  measurement  time  during  the  life  test. 

U7. 0 FAILURE  ANALYSIS 

A summary  of  the  failure  analysis  results  is  presented  in  Table  U4.  All  failures 
were  marginal  resistance.  Microscopic  examination  disclosed  no  anomalous  condi- 
tions. Because  the  failures  were  marginal,  further  failure  analysis  was  not 
performed  and  the  exact  cause  of  failure  was  not  determined. 

U8 . 0 DATA  CORRELATION 

Three  individual  resistors,  R1 , R15  and  R16,  and  a series  of  three  resistors. 
R2+R11+R12,  were  available  for  measurement  during  the  accelerated  life  tests. 

No  catastrophic  failures  were  encountered.  The  Table  U4  failure  analysis  summary 
establishes  that  failures  were  the  result  of  resistors  exceeding  their  lower 
or  upper  specified  limits,  and  then  only  slightly.  Almost  all  early  failures 
were  due  to  exceeding  the  lower  resistance  limit,  and  most  of  these  failures 
eventually  recovered.  The  general  tendency  was  for  the  resistors  to  initially 
decrease  in  resistance  and  then  begin  to  increase.  Figure  U3  shows  the  Cell  1 
(^63 '’C , 50  volts)  resistance  changes  as  a function  of  measurement  time.  All  the 
measured  resistors  showed  an  initial  decrease  in  resistance,  followed  by  a gradual 
increase  as  the  test  progressed.  These  results  are  typical  of  the  263°C  test 
cells,  and  the  presence  of  an  electrical  stress  in  two  cells  appeared  to  have  no 
accelerating  influence.  The  lower  temperature  test  cells  followed  the  same  general 
pattern  but  with  smaller  percentage  changes.  The  initial  resistance  decrease  is 
attributed  to  an  annealling  effect  which  would  probably  not  be  a factor  at  temper- 
atures below  100'C.  Therefore,  all  the  failures  due  to  a decrease  in  resistance 
were  not  used  in  data  analysis. 

Resistor  R1  provided  the  most  failures.  The  early  failures  were  discounted  because 
they  had  marginal  initial  values.  Since  the  three  263°C  test  cells  displayed 
almost  identical  results,  their  failure  data  were  combined  for  anlaysis  purposes. 
Both  the  Weibull  and  the  lognormal  failure  distributions,  Figure  U4  and  U5, 
provided  adequate  fits  for  the  test  data.  The  Weibull  distribution  was  selected 
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TABLE  U4.  FAILURE  ANALYSIS  SUMMARY  - P/N  773207  - 
SPECIAL  HYBRID  TECHNOLOGY  SUBSTRATE 


A. 

FAILEO  PARAMETER  OR  SYMPTOM 

QUANTITY  OF  FAILURES  AND  TIME  (HOURS)  OF  FAILURE 

B. 

FAILURE  MODE 

263°C 

250°C 

225°C 

C. 

FAILURE  MECHANISM 

MAX.  VOLT. 

MID.  VOLT. 

ZERO  VOLT. 

MAX.  VOLT. 

MAX.  VOLT. 

D. 

CAUSE  OF  FAILURE 

CELL  1 

CELL  2 

CELL  3 

CELL  4 

CELL  5 

A. 

RESISTANCE 

R1 

R1 

R1 

R1 

R1 

B. 

RESISTANCE  DECREASE 

404 

108 

604 

404 

19512 

104 

10512 

C. 

PROBABLY  ANNEALING 

R15 

R15 

R15 

R15 

R15 

D. 

NOT  DETERMINED 

394 

194 

394 

104 

f94 

796 

108 

108 

208 

108 

1916 

1064 

3016 

1932 

10256 

19256 

19512 

10256 

192500 

10512 

R16 

R16 

R16 

R16 

R16 

~ T04 

494 

294 

T04 

A. 

RESISTANCE 

R1 

R1 

R1 

R1 

R1 

B. 

RESISTANCE  INCREASE 

10128 

101000 

101000 

102500 

106 

20512 

2032 

101000 

108 

106000 

C. 

PROBABLY  MATERIAL  DEGRADATIOt 

2%  000 

294000 

101000 

0. 

NOT  DETERMINED 

206000 

102500 

104000 

R15 

R15 

R15 

R15 

R15 

1064 

102500 

RI6 

RJ6 

R16 

R16 

R16 

106000 

206000 

106000 

total  number  of  failures 

22 

22 

19 

13 

10 
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FIGURE  U3 • RESISTANCE  (AVERAGE  VALUES)  CHANGES  VERSUS  MEASUREMENT  TIME  FOR  CELL 
P/N  773207  - SPECIAL  HYBRID  TECHNOLOGY  SUBSTRATE 
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FIGURE  U5.  LOGNORMAL  CUMULATIVE  FAILURE  DISTRIBUTION  FOR  THE  COMBINED  R1 
FAILURES  OF  CELLS  I,  2 AND  3 - P/N  773207  - SPECIAL  HYBRID 
TECHNOLOGY  SUBSTRATE 
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for  failure  rate  analysis  because  it  yielded  the  most  conservative  failure  rate 
estimates.  Since  Cells  4 (250°C)  and  5 (225°C)  contributed  only  one  applicable 
failure  each,  their  failure  distributions  assume  a shape  parameter  (g)  of  0.75, 
allowing  the  calculation  of  a scale  parameter  (e).  Pertinent  distribution  data 
are  summarized  in  Table  U5. 

The  Figure  U6  Arrhenius  plot  was  prepared  using  the  Table  U5  scale  parameters 
and  can  be  represented  by  the  following  equation: 

9 = 6.317611  X 10'14  exp 

Instantaneous  failure  rates,  A(t),  plotted  in  Figure  U7  (20  year  storage  period) 
as  a function  of  temperature,  were  calculated  using  the  following  expression: 


The  calculated  X(t)llBV  is  2.96  x 10"10  failures  per  hour. 

MAX 

In  addition  to  the  deposited  resistors,  the  substrates  contained  crossovers 
(conductive  paths  on  top  of  each  other  separated  by  insulation)  which  could  have 
degraded  during  the  life  tests.  Crossover  integrity  was  observed  indirectly 
through  the  resistance  measurements.  R1  had  no  crossovers  in  the  resistance 
measurement  circuit,  whereas  R15  and  R16  each  had  a crossover  in  parallel  with 
the  measured  resistance.  A leakage  path  in  parallel  with  the  resistor  would 
lower  the  measured  resistance.  Since  the  trends  of  R15  and  R16  closely  followed 
that  of  R1 , which  had  no  crossovers,  it  was  concluded  that  the  crossovers  had 
no  degradation  which  lowered  the  measured  resistance. 
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TABLE  U5.  SUMMARY  DATA  - P/N  773207  - 

SPECIAL  HYBRID  TECHNOLOGY  SUBSTRATE 


LOGNORMAL 

DISTRIBUTION 

WEIBULL  DISTRIBUTION 

CELL 

NO. 

NUMBER 

OF 

FAILURES 

T 

(°C) 

MEDIAN 

LIFE 

(HOURS) 

STANDARD 

DEVIATION 

(HOURS) 

SCALE 

PARAMETER 

(HOURS) 

SHAPE 

PARAMETER 

1 ,2.3 
^COMBINED) 

14 

263 

9 . 323X1 04 

2.75 

5.778X104 

0.75 

4 

1 

250 

— 

— 

1 .228X105 

0.75  A 

5 

1 

225 

— 

— 

1. 268X1 06 

0.75  A 

A 0.75  WAS  ASSUMED  FOR  CELLS  4 AND  5,  ALLOWING  SCALE  PARAMETER  CALCULATION. 
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FIGURE  U7 . MAXIMUM  INSTANTANEOUS  FAILURE  RATE,  X(t),  20  YEAR  INTERVAL 
P/N  773207  - SPECIAL  HYBRID  TECHNOLOGY  SUBSTRATE 
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U9.0  CONCLUSIONS  AND  RECOMMENDATIONS 

o Tne  use  of  an  electrical  stress  during  the  life  tests  was  not  established 
as  an  accelerating  factor. 

o The  deposited  resistors  displayed  excellent  stability  during  the  life 

tests  and  should  have  a good  storage  reliability  potential.  The  crossovers 
displayed  no  degradation  which  affected  resistance  measurements. 

o A high  temperature  screening  test  (250°C,  16  hours)  might  be  useful  to 
initially  "set"  the  resistors  to  a lower  value  in  anticipation  of  a 
gradual  rise  in  resistance  at  use  temperature.  An  alternative  lot  sampling 
test  could  be  used  to  verify  typical  performance. 


